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Abstract
This thesis examines expected construction demands arising from opportunities in the
environmental market. In this thesis the environmental market contains eight segments:
Hazardous Waste, Solid Waste, Sewer / Waste Water, Water Supply, Environmental
Assessment, Pollution Abatement (Air), Energy, and Petrochemicals. These segments
include traditional construction markets and emerging markets that played lesser roles in
the past. When available, estimates are given for the size and scope of the domestic and
foreign market segments.
A questionnaire formed the basis of a survey that was conducted to learn more about the
environmental construction market. The survey provides a look at the environmental
market from the perspectives of construction firms and owners (i.e., owners of
constructed facilities). The survey results and other research provide a context for
analyzing the market as a whole, and for looking more closely at three emerging demand
areas: hazardous waste, solid waste, and energy.
Thesis Supervisor: Professor Fred Moavenzadeh
Title: Director, Center for Construction Research and Education
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Chapter I: Introduction
The global environmental consequences of human activities have recently
become much more evident. For example, global warming, ozone depletion, and rain
forest decimation have potentially far reaching environmental consequences. The global
nature of these threats partially explains a worldwide increase in environmental concern.
Until recently, localized environmental problems like smog and hazardous waste sites
received most of the attention. These local problems are real concerns, but unaffected
pvrsons can easily ignore them. We all realize that smog is a problem for Los Angeles,
but that's not much of a concern for us in Boston - it serves them right, too much sun and
too many cars. Likewise, why should they worry about a polluted Charles River.
However, if all those cars in Los Angeles contribute to global warming, that could be a
problem for Bostonians, Angelenos, and everyone else.
Concern for local environmental problems continues to grow, but we now face
more daunting global concerns. Maybe we should disregard the distinction between local
and global environmental problems altogether: no matter how indirect, we all benefit
from mutual well being - and a healthy environment plays a vital role in this well being.
Concern about environmental damage drives corrective, preventive, and defensive
measures throughout the world. Such concern is not limited to the altruistic motives of
individuals; corporate environmentalism is now on the rise. Consider this recent quote
from Forbes, a popular business magazine.
"One of the early lessons of the 1990s is that corporate environmentalism
isn't just good public relations, it's good business. Throughout America,
in businesses as diverse as industrial equipment manufacturing, power
generation, professional services, even restaurants and dry cleaning,
management is learning that it can reap major financial benefits by going
beyond compliance with environmental regulations to take strong
initiatives in pollution and waste prevention, conservation of energy and
resources and environmental protection."1
Corporations realize that a commitment to the environment does not necessarily portend
financial ruin; on the contrary, profits may be more likely.
As a fundamental human activity, construction represents an important
interaction between humanity and the environment. Since construction directly and
visibly impacts the environment, construction seems particularly prone to scrutiny.
Although construction necessarily involves changing the environment, it can also serve to
preserve and protect the environment.
The purpose of this thesis is to identify areas of opportunity for the
construction industry that directly relate to the environment. What demands for
construction will arise from the renewed emphasis on environmental protection? Will
these demands occur in new markets, in old established markets, or both? What
challenges come along with the opportunities? I address such questions in this thesis, but
I do not promise prescriptive answers. Rather, I hope to provide a context for further
discussion and perhaps resolution of these important issues.
1
"The Profit in Preserving America", Forbes Magazine, November 11, 1991.
Definition of the Market
The thesis begins with a definition of the environmental construction market. No
standard definition exists, so for the purposes of this thesis, I defined a market with eight
primary segments. These eight segments include:
Hazardous Waste, Solid Waste, Sewer / Waste Water, Water Supply, Environmental
Assessment, Pollution Abatement (Air), Energy, and Petrochemicals.
Most of these segments represent specific environmental demand areas. However, I
include the Energy and Petrochemical segments due to their sensitivity to current
environmental concerns -- particularly other segments such as hazardous waste and air
pollution abatement. Estimates of the size and scope of the eight segments, both
domestic and foreign, are presented when available. My definition of the market is not
an exhaustive one, but it covers the principal environmental areas. Chapter II,
Construction and the Environment, presents the environmental construction market and
its segments.
Survey
I conducted a survey to learn more about the current and future demand for
construction in the environmental areas. As the primary means of the survey, I sent a
questionnaire to approximately 300 firms in the construction industry and another
questionnaire to about 100 owners of constructed facilities. The two questionnaire
versions differed slightly, but each addressed three aspects of the environmental market:
(1) general perceptions of the market, (2) responses to the market, and (3) the effects of
environmental awareness and responsibility on construction decisions. Chapter III,
Environmental Survey of the Construction Industry, reports most of the survey findings.
Three Emergent Areas
Construction opportunities exist in all of the environmental segments discussed in
Chapter II. However, I focus on three areas that present the industry with less traditional,
perhaps "emerging" opportunities for construction. These three areas are: hazardous
waste, solid waste, and energy. The discussion of these emerging areas draws on
research at the Center for Construction Research and Education (CCRE) at MIT and on
my survey results. Recent theses at CCRE focused specifically on two of these areas.
Andy Hoffman examined the hazardous waste market in his thesis entitled "The
Hazardous Waste Remediation Market: Innovative Technological Development and the
Growing Involvement of the Construction Industry". Hank Taylor examined the solid
waste industry in his thesis "Solid Waste Management: Decision and Market Dilemmas".
Chapter IV, Construction Opportunities and Challenges in the Environmental Market,
presents additional survey results and analyzes the three emergent areas in more detail.
Chapter V concludes the thesis. The final chapter reiterates important aspects of
the environmental market, summarizes the important findings of the survey, and
comments on the emergent environmental opportunities for construction.
Five appendices provide copies and results of the questionnaires. The appendices
include: Appendix 1, Designer/ Constructor Questionnaire; Appendix 2, Owner
Questionnaire; Appendix 3, Designer / Constructor Questionnaire Results: Domestic
Firms; Appendix 4, Designer/ Constructor Questionnaire Results: Foreign Firms; and
Appendix 5, Owner Questionnaire Results.
Chapter II: Construction and the Environment
The Environmental Market
In recent years, the phrase "environmental market" has emerged in many fields of
thought. To the typical consumer, the environmental market refers to the increased
consumer demand for environmentally friendly products and packaging, from soaps and
cleansers to organically grown food products. For the automotive industry, the
environmental market may refer to regulations and consumer demand for vehicles using
electricity or alternative fuels. Many of today's leading industries, which are
increasingly incorporating the environment into their long-term business strategies,
commonly refer to one type of environmental market or another. These environmental
markets are often extensions of the industry's traditional markets, but with a new twist:
products and services that are designed to minimize adverse effects on the environment,
or in some cases, to remedy prior environmental damage.
Economists define a market as a collection of buyers and sellers that interact,
resulting in the possibility for exchange. Therefore, when speaking of a market, one
must consider two sides: 1) the demand side, or buyers, and 2) the supply side, or
sellers. The terms market and industry are commonly confused. However, an industry is
a collection of firms that sell the same or closely related products; in effect, the supply
side of the market. A market encompasses both the demand and supply sides. This
thesis examines the environmental market from the perspective of the construction
industry. I have chosen a broad definition of the construction industry that includes
designers, constructors, and technology vendors. Engineers and architects are classified
as designers; general contractors and sub-contractors as constructors. The perspective of
the demand side of the market, which includes owners of constructed facilities, is also
examined. These perceptions of the environmental market - as seen by the construction
industry and its client base - define the environmental construction market.
The Environmental Construction Market
What is the environmental construction market? An exact or commonly held
definition is difficult to find. Often the phrase environmental construction evokes images
of hazardous waste remediation, asbestos abatement, or other such projects which deal
primarily with remediation of existing environmental problems. For this thesis, the
environmental construction market includes all construction opportunities derived from
the following areas of global environmental concern:
Clean Air (e.g., acid rain / ozone depletion / global warming), Energy, Solid
Waste Management, Water Supply, Sewage / Waste Water Treatment,
Environmental Assessment, and Hazardous Waste Remediation and Management.
These areas are further divided and defined as environmental market segments in
Section 2.2. This comprehensive definition of the environmental construction market
includes not only opportunities for corrective action (e.g., hazardous waste remediation,
asbestos removal), but also includes preventive measures (e.g., construction of new
power plants designed for reduced emissions, improved waste water facilities)
undertaken to mitigate the environmental impact of such activities.
This chapter explores the environmental construction market as I have defined it.
The market size and scope are discussed in Section 2.1, and Section 2.2 presents the
various segments of the market. This chapter sets the stage for Chapter 3, which presents
a survey of the environmental market. All segments of the environmental market
addressed in this thesis provide opportunities for the construction industry -- remember,
engineering and design services are also included in my broad definition of the
construction industry. Therefore, opportunities in the environmental market are treated
as opportunities for the construction industry.
2.1. Environmental Market Size and Scope
The renowned astronomer, Dr. Carl Sagan, immortalized the phrase "billions and
billions ..." in the popular public television series COSMOS. Of course, Dr. Sagan was
referring to the number of stars in the known universe. Observers of the environmental
construction market have been known to toss around billions themselves - billions of
dollars, however. Many estimates of the dollar size of the environmental market are
offered by various sources, from construction industry journals to popular newspaper and
magazine articles. These numbers generally do not refer to the environmental market as
I have defined it, but usually to one of its segments, such as the hazardous waste market.
However, it is useful to look at some of these estimates, thereby gaining some insight
into the magnitude of the market as a whole.
Domestic Environmental Markets
For example, according to one source the annual U.S. hazardous waste market
increased to $11.5 billion in 1990 and was projected to increase to $15 billion by 1992
and $23.5 billion by 1996.2 The Department of Energy expects to spend $38 billion on
cleanup projects between 1993 and 19973, and according to James Watkins, the current
U.S. Secretary of Energy, total expenditures may reach $150 billion to clean up
contaminated waste sites and bring facilities into full environmental compliance by the
year 20194. The Department of Defense estimates that approximately $14 billion will be
needed for complete environmental restoration of DOD facilities. 5
2
"What's News in Environmental Health", Journal of Environmental Health, July / August, 1990, p. 6.
3
"Environmental Challenges of the 1990s", Engineering News Record, June 3, 1991, p. E-10.
4"Strategic Alliances for the Hazardous Waste Remediation Market", Construction Business Review,
January/February 1992, p.56.
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The EPA report entitled "The Cost of a Clean Environment" claims that total
annual costs for pollution control in the United States rose from $27 billion in 1972 to
$85 billion in 19876. These costs were estimated to be more than $90 billion for 1990
and projected to be about $155 billion by the year 2000 (note: all costs expressed in 1986
dollars). The Environmental Business Journal, a journal which serves the growing
environmental industry, figures total revenues were $132 billion in 1990 and projects
revenues to grow 11% annually until 1996.7 The Environmental Business Journal
(EBJ) lists various segments of the environmental industry separately, projecting revenue
and growth for each. Table 2.1.1 shows the EBJ statistics for the environmental industry
segments; Table 2.1.2 shows projected market growth.
Public Companies Private Companies Estimated
Approx. Total Avg. Approx. Total Avg. Total
# Ann. Rev. Rev./Co. # Ann. Rev. Rev./Co. Revenue
Industry Segment Cos. ($ Mil.) ($ Mil.) Cos. ($ Mil.) ($ Mil.) ($ Bil.)
1. Analytical Services 7 133 19 1600 1700 1.0 1.8
2. Solid Waste Mgmnt. 15 11096 740 4200 17500 4.2 28.6
3. Haz. Waste Mgmnt. 35 4555 130 2400 8700 3.6 13.3
4. Asbestos Abatement 14 1313 94 3000 2700 0.9 4.0
5. Water Infrastructure 27 6561 243 3100 7400 2.4 14.0
6. Water Utilities 13 1620 125 24000 9900 0.4 11.5
7. Env. Consulting/Eng 28 4406 157 7600 7800 1.0 12.2
8. Resource Recovery 21 4566 217 5100 12600 2.5 17.2
9. Instrument Mfg. 12 659 55 500 1100 2.2 1.8
10. Air Pol. Control 16 3439 215 1600 2000 1.3 5.4
11. Waste Mgmnt. Equip. 17 1728 102 5000 7500 1.5 9.2
12. Env. Energy Sources 10 192 19 800 1600 2.0 1.8
13. Diversified Cos. 5 1990 398 2000 5000 2.5 7.0
14. Conglomerates* 17 3509 206 500 525 1.1 4.0
Totals 237 45767 61400 86025 131.8
* Only 3.5% of Conglomerates revenue is included as "environmental revenue".
Source: Environmental Business Journal April 1991.
Table 2.1.1. Environmental industry segments - 1990.
6
"Environmental Challenges of the 1990s", Engineering News Record, June 3, 1991, p. E-10.
7
"The Industry Takes Shape", Environmental Business Journal, April, 1991, p. 6.
Annual Projected Revenue ($ Billions)
Industry Segment Growth 1991 1992 1993 1994 1995 1996
1. Analytical Services 14% 2.3 2.7 3.1 3.6 4.1 4.7
2. Solid Waste Mgmnt. 8% 30.9 33.4 36.0 38.9 42.0 45.4
3. Haz. Waste Mgmnt. 14% 15.1 17.2 19.6 22.4 25.5 29.1
4. Asbestos Abatement 4% 4.2 4.3 4.5 4.7 4.9 5.1
5. Water Infrastructure 10% 15.4 16.9 18.6 20.4 22.5 24.7
6. Water Utilities 4% 12.0 12.5 13.0 13.5 14.0 14.6
7. Env. Consulting/Eng 16% 14.2 16.4 19.1 22.1 25.6 29.7
8. Resource Recovery 15% 19.7 22.7 26.1 30.0 34.5 39.7
9. Instrument Mfg. 10% 1.9 2.1 2.3 2.6 2.8 3.1
10. Air Pol. Control 16% 6.3 7.1 7.9 8.9 9.9 11.1
11. Waste Mgmnt. Equip. 12% 10.3 11.6 13.0 14.5 16.3 18.2
12. Env. Energy Sources 8% 1.9 2.2 2.4 2.7 3.0 3.4
13. Diversified Cos. 12% 7.8 8.8 9.8 11.0 12.3 13.8
14. Conglomerates* 8% 4 5 5 5 6 6
Totals 146 163 180 200 223 249
Composite Annual Growth
Source: Environmental Business Journal April 1991.
Table 2.1.2. Projected market growth - April 1991.
Regardless of whose figures one believes, the environmental market represents a
rather large and growing market. To put the dollar amounts into perspective, let us
assume that the environmental market was $146 billion for 1991, as projected by EBJ.
The Gross Domestic Product (GDP) of the United States was about 6.15 trillion in 1991.8
As a percentage, the environmental market represented 2.4% of this total. As another
comparison, the Engineering News Record9 puts total construction volume at about $143
billion for 1991. This number represents value added by construction services, or
roughly speaking: total construction costs minus materials and resource inputs. Total
construction costs were more like $430 billion. From these simple, yet informative
comparisons, we see that the environmental market is already substantive, without
considering the projected high future growth rate. What is not so clear, however, is the
8
"If it ain't broke", The Economist, forecast GDP for 1991, February 22, 1992, p. 23.
9
"ENR Forecast 1992", Engineering News Record, January 27, 1992, p. 34.
role of the construction industry in this market. If we consider the construction industry
to include designers, constructors, and technology vendors, then certainly most of the
market would be open to the construction industry. A conservative estimate of the
construction segment of the environmental market, say 50% of the reported EBJ total,
still represents a very large market for the construction industry.
The figures above represent only the U.S. environmental market. Construction,
however, is a global industry. Recent trends indicate continued globalization of the
industry. Therefore, international envir•-mental markets represent a potentially lucrative
market for domestic and foreign firms. While the U.S. environmental market may be
difficult to quantify, estimating the global environmental market magnifies such
difficulties by at least an order of magnitude. We must also remember that there is a
very important distinction between potential and actual markets. For example,
awareness of environmental problems in eastern Europe increases daily, but the full
magnitude of environmental damage will be unknown for years to come. Eastern Europe
represents a very lucrative potential environmental market in terms of work needed;
however, it is not certain when or if the money needed for this work will be available.
Increased environmental awareness, leading to more environmental legislation
and regulation, has driven the environmental market in this country and other developed
countries throughout the world. It remains to be seen how developing countries will deal
with increased international pressure to conform to environmental standards. Such a
topic could easily fill a thesis many times over, so I will defer from hasty conclusions at
this time. However, strong support for environmental awareness and responsibility is
gaining momentum throughout the world. It seems reasonable to conclude that many
developing countries will adopt environmental standards voluntarily, or be forced to
adopt them by bigger, stronger trading partners. The prospects for a growing global
environmental market seem strong indeed.
International Environmental Markets
Figures for the environmental market are more readily available in developed
countries. In an attempt to measure environmental virtue in different countries, the
Economist reported current and capital spending on pollution control in ten developed
countries. Figure 2.1.1 shows the Economist's graphs; the Organization for Economic
Cooperation and De7velopment (OECD) was their source. 10
Source: The Economist, taken from OECD data.
Figure 2.1.1. Spending onpollution abatement and control, mid-1980s.
As shown in the graphs, western Germany and the United States spent the most on
pollution control as a percentage of their GDPs in the mid-1980s. Note that in the mid-
10
"Economic and Financial Indicators: Environmental Spending", The Economist, October 12, 1991, p.
107.
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1980s, the United States spent approximately 1.5% of GDP on pollution abatement and
control. Earlier calculations from the Environmental Business Journal's numbers show
spending at about 2.2% of GDP for 1991, and the Environmental Protection Agency
expects this percentage to increase to 2.7% of GNP by 2000. The Economist asserts that
western Germany's environmental investment was three times bigger in real terms in
1987 than in 1977. The editors also note that "the Japanese government spends much
more on pollution than other countries, but Japanese industry's spending is tiny: by 1987
its investment had fallen to a fifth of its 1975 level."I'
The figure above shows significant environmental spending in North America,
western Europe, and Japan. While environmental spending in these countries may
stabilize within several years, only the most skeptical forecasters (a very few, indeed)
expect a decline. Continued growth and development in the Pacific Rim countries will
likely be accompanied by a commensurate need for environmental services. Short
discussions of the European Community and Pacific Rim markets complete this section.
The European Community
The Environmental Business Journal featured a guest report by Dr. Richard
Haines, a member of the European consultancy firm Ecotec. Dr. Haines is director of
Ecotec's Environmental Policy and Pollution Control Division and Managing Director of
Investment Services. Observers often compare the current environmental market in
Europe with "that of the United States in the early 1980s before RCRA set more stringent
environmental rules."' 2 As we have seen before, defining the relatively mature U.S.
market is no easy task; correspondingly, defining a relatively less mature market, such as
the one in Europe, complicates this task. However, Dr. Haines offers a very interesting
11Ibid.
12A quote taken from Edwin Falkman of Waste Management, commenting on environmental
opportunities in post-1992 Europe. The quote appears in "EC Market Looks Good to U.S. Firms",
Environmental Business Journal, March, 1991, p. 1.
and lucid description of the environmental market in the European Community (EC).
Dr. Haines examines the environmental management market which is defined by
Ecotec to include pollution control and waste management. This definition focuses on
"expenditures designed to control pollution and are therefore lower than some other data
which use broader definitions of environmental markets." 13 The other estimates might
include civil, mechanical, and electrical engineering work which substantially increase
investments for pollution control. But Ecotec believes that inclusion of such costs
overstates the market available to pollution control equipment and service suppliers.
Therefore, they do not include estimates of such costs in their market figures. Of course,
such costs represent the most direct opportunities for the construction industry.
Nonetheless, Ecotec's estimates provide a very good breakdown of relative market sizes
in western Europe.
For its analysis, Ecotec classifies the EC countries into three distinct groups. The
first group includes countries which have developed comprehensive environmental
policies over the past two decades and therefore have well developed markets for
environmental goods and services. Such countries include West Germany, Denmark, and
The Netherlands. Only moderate growth is expected for these countries in the near term.
The second group includes countries with less rigorous environmental policies which
also typically have less effective administrative and legislative enforcement structures.
These countries are Belgium, France, Ireland, Italy, Luxembourg, and the United
Kingdom. This group is expected to growth at a higher rate than the first. The third
group consists of countries with the least developed policies and includes the southern
European countries of Greece, Portugal, and Spain. These countries require major
efforts to meet EC legislation and are consequently forecast to have the highest near-term
13"EC Market Looks Good to U.S. Firms", Environmental Business Journal, March, 1991, p. 3.
growth rates of the three groups. 14 Finally, Ecotec breaks the market down into four
areas: air, water, land, and waste. Table 2.1.3 shows their figures.
European Pollution Control Market: By Segment
Market Value ($ Billions) Real Growth
Market Segment 1990 1995 % per annum
Air Pollution Control 12.5 16.5 5.8%
Water/Wastewater Treatment 16.6 27.5 10.7%
Contaminated Land Remediation 1.3 3.0 17.8%
Waste Management 27.1 36.1 5.9%
Total 57.5 83.1 7.7%
European Pollution Control Market: By Country
Market Value ($ Billions) Real Growth
Country 1990 1995 % per annum
Division 1: Denmark 1.0 1.4 7.0%
Germany 21.9 28.1 5.1%
The Netherlands 3.3 4.3 5.3%
Division 2: Belgium/Luxembourg 1.2 1.8 8.4%
France 9.8 14.5 8.0%
Ireland 0.4 0.6 8.3%
Italy 6.4 9.7 8.7%
United Kingdom 10.5 17.5 10.6%
Division 3: Greece 0.4 0.7 14.1%
Portugal 0.5 1.0 13.5%
Spain 2.1 3.8 12.7%
Total 57.5 83.4 7.7%
Source: Ecotec, as shown in Environmental Business Journal March 1991.
Table 2.1.3. European Community pollution control market.
From the table, we see that Contaminated Land Remediation is expected to grow
faster than other segments during the next several years. However, that segment is also
by far the smallest in dollar terms. Likewise, while the countries in Division 3 will
experience higher growth rates on average, their markets are dwarfed by those in
Germany, France, and the United Kingdom.
141bid., pp. 1 and 3.
Dr. Haines claims that the EC air pollution control market is immature relative to
the market in the U.S., but significant growth is expected for acid emission control,
vehicle emissions, and the control of industrial emissions of gases and vapors. A new
directive on municipal waste water and sludge will be one of several growth areas that
spur growth in the water industry. Increased concern about risks associated with
contaminated land has resulted in growing remedial activity. As in the early days of
contaminated land cleanup in the U.S., most cleanups have so far involved excavation
and removal of contaminated soil. How',,er, a growing market is surfacing for on-site
and in-situ cleanup methods. The EC is examining methods to fund these cleanups, but it
is "considered unlikely that these will take the form of an environmental liability system
like that in the United States." 15 In the waste market, new directives are expected for
hazardous waste management which will likely lead to more pre-treatment and
incineration of waste.
Dr. Haines concludes that environmental standards within the EC will see greater
harmonization in this decade. The EC market should experience high growth, but the
growth is expected to vary across segments and countries. He sees two groups emerging:
those countries that will aim to introduce more stringent regulations ahead of the EC, and
those countries which will simply strive to meet the existing standards set by the EC. He
adds that "as standards in the EC approach those in the U.S., American companies, many
of which lead their European counterparts with respect to experience and technology,
will see the market for their pollution control products and services continue to
expand." 16
Bradford S. Gentry and James M. Schurtz recently examined the European
environmental market. They claim that substantial sums of money will be spent by EC
15Ibid., p. 3.16Ibid.
governments, companies, and individuals on environmental projects, and that the total
amounts will rival those in the United States by 2000. However, they believe the mix of
environmental projects will be different. 17 Gentry and Schurtz believe western European
companies are well positioned in the market and are working hard to capture available
opportunities. But to the extent that foreign firms (e.g., U.S., Japan) have developed
experience or technologies needed for Europe, this could be a basis for developing
relationships with local firms and expanding into the European market.18 They also think
regional differences in needs and priorities make "pan-European" strategies difficult to
implement. The authors conclude that "given the amounts of money to be spent and the
number of companies already involved, there are likely to be few 'quick hits' in the
Western, Central, and Eastern European environmental sectors; at the same time, there
clearly are major opportunities for the discerning investor." 19
Gentry and Schurtz site expenditure estimates in various environmental areas
from 1991-2000 for the United Kingdom, European Community, and the United States. 20
Table 2.1.4 shows these estimates.
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Gentry and James M. Schurtz, Morrison & Foerster, October, 1991, p. 20.
18sbid.
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20 Ibid., Table 1, Source: Centre for Exploitation of Science and Technology (UK).
Estimated Expenditure £ Billions, 1991 - 2000
Environmental Area UK EC US
Greenhouse Effect 48 237 443
Water Quality 25 75-100 71
Waste Management 19 180-200 120-170
Acid Rain 11 51 25
Heavy Metals 9 80 52
Ozone Depletion 7 70 76
Air Quality 7 34 17
Noise 6 32 33
VOCs & Smells 3 26 27
Persistent Organics 2 23 15
Contaminated Land 2 25 150
Major Spills 1 7 7
Total 140 860 1060
Source: Centre for Exploitation of Science and Technology (UK), as shown by Gentry and Schurtz.
Table 2.1.4. Estimated UK, EC, and US environmental expenditures in £billion, 1991-2000.
The figures shown above are in British pounds (f), and the actual numbers may be
debatable. As before, the important information relates to the relative size of these
markets between categories and between regions. Gentry and Shurtz also use Helmut
Kaiser estimates for western European market size and growth. Figure 2.1.2 displays
these estimates. Note the relative growth rates and market sizes.
1 -
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annual average
growth rate, %p.a.
5 10 15 20 25 30 35 40 45 50
Market Size, Year 2000, DM billions
Figure 2.1.2. Market size and growth, western Europe: 1987-2000.
Source: Helmut Kaiser, as shown by Gentry and Schurtz.
The Pacific Rim
Environmental markets in the Pacific Rim are receiving increased attention,
particularly in Southeast Asia. As many of these countries quickly developed and grew
into prosperous economies, so too have their environmental problems. Taiwan represents
the most promising market at present, but other countries may soon follow.21
Taiwan hopes to address its major environmental problems by 1997. The EPA of
Taiwan estimates that $37 billion will be spent between 1991 and 1997, with $3.5 billion
going to consulting services, $17.5 billion to engineering services, $13.6 billion on
equipment, and the remainder on testing and analysis. 22 Spending is expected to level off
after 1997 when the basic infrastructure is in place.
Taiwan will likely import up to two-thirds of the consulting business and one-
third of the engineering services. Most of Taiwan's regulations are based on American
standards, and their efforts have largely been patterned after the U.S. EPA.
Consequently, U.S. equipment and services usually require little modification for the
Taiwanese market and U.S. consulting firms have been involved in many early projects.
However, the Taiwanese EPA now requires foreign firms to team up with local
businesses, thus increasing the need for joint ventures.
According to the Association of Southeast Asian Nations (ASEAN), regulatory
activity has increased and environmental expenditures doubled in practically all of its
member countries. 23 Singapore and Malaysia represent two of the more promising
markets. Unfortunately, the Japanese market remains tough to penetrate. Japanese
government and industry remain very reluctant to do business with outsiders, and this
seems especially so in the environmental industry.24
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The environmental markets in other regions of the world may be less quantifiable,
but nonetheless real. As mentioned previously, the eastern European market may hold
promise - certainly the need for environmental work exits. Perhaps less certain are
markets in Latin America and the Middle-East. Both regions need significant
environmental investments, but unstable political and economic milieus may limit viable
opportunities.
2.2. Environmental Market Segments
The environmental market encompasses several distinct areas; therefore, it is
better understood if broken down into various segments. In this thesis, eight segments
are identified:
Hazardous Waste, Solid Waste, Sewer / Waste Water, Water Supply, Environmental
Assessment, Pollution Abatement (Air), Energy, and Petrochemicals.
These segments are inter elated to some degree, but identifiable nonetheless. The
Petrochemical and Energy segments warrant inclusion because of their sensitivity to
other environmental segments and to environmental legislation and regulation. These
segments may not be thought of as traditional segments of the market, such as Hazardous
and Solid Waste, but they will play vital roles in the evolving environmental market.
Other segments could be justified, however these eight segments cover the bulk of the
market.
The Environmental Business Journal uses twelve segments for its definition of
the environmental industry. These segments include: Analytical Services, Solid Waste,
Hazardous Waste, Asbestos Abatement, Water Infrastructure, Water Utilities,
Environmental Consulting / Engineering, Resource Recovery, Instrument Manufacturing,
Air Pollution Control, Waste Management Equipment, and Environmental Energy
Sources. This segmentation scheme closely matches the one I use; the differences largely
result from further refinement of the market. For example, Water Infrastructure and
Water Utilities fall under the single heading of Water Supply in this thesis. Likewise,
Asbestos Abatement and Air Pollution Control both come under Pollution Abatement.
Although I segmented the environmental market specifically for my survey, the
EBJ scheme serves as a useful comparison. The commonality between the two supports
my original market segmentation. The following sections briefly describe each of the
eight market segments used in this thesis.
2.2.1. Hazardous Waste
For many, the environmental market means hazardous waste. The hazardous
waste market emerged in the 1970s to play an important role in creating what is today
called the environmental market. Several segments included in this comprehensive
environmental market, such as Sewer/Waste Water, have long been important
engineering and construction markets. However, the increased attention on hazardous
waste in the 1970s and early 1980s brought with it a renewed interest and concern for the
environment.
The environmental market soon came to mean much more than just hazardous
waste. Traditional construction markets such as Water Supply and Sewer / Waste
Water, that deal directly with environmental quality issues, were naturally classified as
"environmental" markets. Environmentally sensitive industries, such as energy and
petrochemicals, are now often included as environmental markets. However, the
hazardous waste market can rightfully claim to be the founder of today's environmental
market. In this thesis, hazardous waste represents only one segment of the market, but a
very important one.
Regulations regarding hazardous waste management first appeared in the mid-
1960s to early 1970s. The two best known and influential regulations to ultimately
emerge were the Resource Conservation and Recovery Act (RCRA) of 1976, and the
Comprehensive Response, Compensation, and Liability Act (CERCLA) of 1980
(commonly referred to as Superfund). The primary mission of RCRA concerned the
establishment of "cradle-to-grave" management of hazardous waste from generation to
disposal. CERCLA, on the other hand, was enacted in response to the growing need for
remediation of abandoned hazardous waste sites. Under subsequent amendments, RCRA
now regulates contamination cleanup much like CERCLA. But RCRA deals with
active, regulated facilities while CERCLA deals with inactive or uncontrolled sites.
The hazardous waste market began at a rather modest $400 - 600 million dollar
level in the early 1980s. According to recent estimates, the 1990 market exceeded $13
billion dollars25, which translates into an annual growth rate that far exceeds early
projections. The shear number of contaminated sites and money needed for their cleanup
is staggering. Under CERCLA, the Environmental Protection Agency has listed 1,246
sites on its National Priority List (NPL). But a more ominous number comes from the
General Accounting Office, which estimates as many as 368,000 sites could qualify
under a more comprehensive listing.26 The Office of Technology Assessment (OTA)
concludes that over $500 billion may be needed just to clean up the EPA NPL sites. 27
Growing numbers of State Superfund, DOE, DOD, and private party cleanups - plus
leaking underground storage tanks (LUSTs) - will add significantly to an already large
hazardous waste market.
The remediation business is expected to continue to grow quickly in the near
future. The Environmental Business Journal (EBJ) estimates growth for remediation to
be around 25% for the next five years. Superfund is moving towards actual cleanup and
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away from investigation and feasibility studies at an increasing number of sites. EBJ
predicts growth of about 15% for the Superfund cleanup market, but expects slower
growth in the market for transportation, storage, and disposal as generators continue to
emphasize waste minimization, resource recovery, and on-site treatment. Finally, EBJ
projects annual growth of 14% for the total Hazardous Waste market in the next five
years.28 (See Table ".1.2 in Section 2.1.) An Engineering News Record (ENR) survey
of design firms asked respondents to predict whether design work would increase, stay
the same, or decrease in 1992 for fifteen major construction markets. Despite the crunch
of the recession, the Hazardous Waste market led the field, with 70% of respondents
believing that the market would increase. 29 Finally, RCRA should come up for re-
authorization in the 1992 session of Congress and CERCLA will follow in 1993.
2.2.2. Solid Waste
Solid waste disposal currently comes in four flavors: landfilling, incineration
(including waste-to-energy), recycling and composting, and waste minimization. Each of
these methods possesses advantages and drawbacks. These methods of waste disposal
are properly viewed as complements, not as simple alternatives. These waste
management methods comprise an "interrelated system and should be viewed as a group
of interdependent programs rather than independent activities." 30 The form of the waste
largely determines the appropriate disposal means. Therefore, benefits and costs must be
weighed to determine proper disposal solutions. An important conclusion emerges: an
optimal plan for solid waste disposal will likely include all of these methods. When
waste cannot be minimized further, recycling or composting may be the next logical step.
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If recycling or composting is unsuitable, next stop: incineration. If none of the previous
disposal methods is appropriate, the waste must be landfilled.
Current trends affecting the solid waste business include rising tipping fees as
capacity falls, increased difficulty in siting new landfills, continued privatization of
municipal services, and increased regulatory attention.31
Construction opportunities - meaning constructed facilities and engineering /
design services - exist in all four areas of solid waste disposal. Increased siting
restrictions mean an uncertain future for landfill construction despite the shrinking
capacity of existing landfills. However, with landfill capacity expected to decline even
further, something must be done. The U.S. Environmental Protection Agency estimates
that 80% of the country's landfills will close by 2010; Japan is expected to run out of
current landfill space by 2005; Holland has essentially run out of space already.32
Prospects for new incinerators suffer from similar siting restrictions. Proposed
incinerators and landfills commonly lose out to the not-in-my-backyard (NIMBY)
syndrome. As waste-to-energy plants gain acceptance, resistance to incineration will be
less. While the bulk of solid waste related construction exists in the landfill and
incineration disposal methods, opportunities will arise from the recycling and waste
minimization options. To the extent that new facilities are needed to carry out these
disposal options, construction will obviously be needed. In addition, engineering and
design services will be required to implement these disposal solutions.
The important facts to remember are: 1) an optimal plan for solid waste disposal
will likely use all four methods mentioned (this is guaranteed for the short term) -
implying that reduced opportunity in one area should be partially offset by increased
opportunity in other areas; and 2) the solid waste sector is the largest and most mature
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segment of the environmental market ($31 billion in 1991) and is growing at a healthy
rate (projected 8%) over the next five years.33 As such, the solid waste business
represents, and will continue to represent, a very significant environmental market
segment for the construction industry.
2.2.3. Sewer / Waste Water
The Sewer / Waste Water segment of the environmental market is closely linked
to Water Supply, but these segments are usually treated separately. The distinction blurs
at the water treatment line. This segment includes treatment of sewer and waste water,
while the Water Supply segment includes treatment and purification of drinking water.
The quality of the nation's water resources, including our rivers, lakes, and ocean
waters, represents one of our most important natural assets. Water is necessary to
support life; therefore, its degradation or improvement directly impacts us all. Concern
for water quality in the early 1970s, fueled by popular stories like those telling of high
pollution levels in the Great Lakes, led to the enactment of the Federal Water Pollution
Control Act of 1972 (FWPCA). Earlier water pollution legislation had established a
municipal grants program to build sewage treatment facilities, established federal
enforcement authority, and given states authority to set and enforce water quality
standards.
The Federal Water Pollution Control Act was a major revision of earlier laws: it
strengthened the municipal grants program and authorized the Environmental Protection
Agency (EPA) to issue discharge permits. The 1972 law set up "a massive federal
construction grants program" to help cities construct sewage treatment facilities.34 The
law also required direct industrial and municipal dischargers to treat waste water before
33
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discharging it into waterways. The EPA was given authority to set pollutant discharge
limits for point sources under the National Pollutant Discharge Elimination System
(NPDES). The NPDES regulates discharges through discharge permits. Industrial
facilities that discharge their waste water into public sewage works are not covered by
the NPDES permits, but must meet other standards. The states retain authority to impose
more stringent water quality standards when deemed necessary. The 1972 law was the
first to offer limited protection to wetlands, and today much of the current debate about
the proposed re-authorization of the Clean Water Act concerns the wetlands issue.
As the 1972 law took effect, water pollution from point sources significantly
declined. The EPA now claims that "less than 15% of the nation's remaining water
quality problems stem from point sources, especially industrial dischargers."3 5 But
pollution from non-point sources such as farm and urban runoff has increased. The
Clean Water Act of 1987 began to address the problem of non-point source pollution.
The 1987 law also gradually began to shift the responsibility of financing the
construction of sewage treatment facilities from the federal government to the state and
local governments.
The first major revision of water pollution law in 1972 (FWPCA) and subsequent
revisions, including the Clean Water Act of 1977 and the Water Quality Act of 1987
(also referred to as the Clean Water Act), initiated a lot of activity in the water treatment
industry over the past two decades. The EPA estimates that the U.S. has spent $590
billion (1990 dollars) on water pollution control since the 1972 revision.36 Despite this
expenditure, the original goal of the 1972 law - zero discharge of pollutants into U.S.
waters - remains unrealized. However, surface waters are cleaner due to reductions in
the release of pollutants by point sources. 37
35Ibid., p. 19.
36Ibid., p. 18.
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The Clean Water Act is now up for renewal since many of the programs
authorized under it are running out of funding. A bill has been introduced in the Senate
that would provide for re-authorization of the Clean Water Act. As of yet, no House
counterpart has been offered, but bills related to clean water aspects are beginning to
emerge. The politics of an election year leaves re-authorization of the Clean Water Act
uncertain. The re-authorization of the act may take a back seat to other important pieces
of legislation, but if the environment becomes a campaign issue, who knows? What is
certain, however, is that debate will fort,, on increased federal funding for waste water
treatment construction, control of non-point source pollution, and wetlands. 38
Waste water treatment will continue to be big business. The estimated market
exceeded $15 billion dollars in 1991, and annual growth rates of 12% seem likely.39 In
addition, the eventual re-authorization of the Clean Water Act should boost the market.
As a final note, the EPA estimates that, by volume, the vast majority of hazardous waste
is currently treated as waste water.
2.2.4. Water Supply
Water Supply includes community water systems, private wells, and other small
water sources. Community water systems, or those that serve at least 25 persons, supply
almost 90% of the U.S. population. Slightly more than 40% of these community systems
are privately owned, but the private systems serve only 15% of the population. 40 Water
Supply is a traditional market for the construction industry, and recent attention given to
the environmental quality of potable water warrants its inclusion in any comprehensive
environmental market.
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New federal requirements may lead to a healthy market for drinking water
treatment. An existing EPA order requires suppliers to filter surface supplies by June
1993, unless exempted by state officials. Many water utilities currently await two EPA
rulings - one regarding the by-products of disinfection and the other, radon regulation -
that will impact future upgrading of treatment facilities. The deputy executive director of
the American Water Works Association, Jack Hoffbuhr, recently claimed that many
small systems that draw on groundwater "are not used to treating water at all. In the next
five years we're going to see an awful lot of activity."41 As coastal areas in the Southeast
and West face shrinking and/or contaminated water supplies, these areas are expected to
turn to desalinization to supplement their supplies.
Growth projections for water utilities are modest compared to other segments of
the market. The Environmental Business Journal predicts growth to generally follow the
economy, just as it has in recent years. Growth rates for major utilities averaged 4% in
1990. EBJ estimates the market at around $12 billion for 1991, and predicts growth rates
of 4% over the next five years. 42 However, due to the lingering recession, this number
may have slipped in 1991 and 1992.
A word of caution: while I report estimated and projected figures for various
market segments, please interpret the numbers with care. For example, EBJ does not
include water treatment in their projected figures for water utilities. Treatment and
purification come under a separate heading entitled Water Infrastructure. I include
treatment and purification of drinking water under the heading Water Supply. Sewer and
waste water treatment are included under the previous segment heading, Sewer / Waste
Water. This distinction is simply a matter of convenience. I wanted to separate the
treatment of water supply and waste water. Treated waste water may be recycled into the
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water supply, and consequently, the Water Supply and Sewer / Waste Water segments
overlap to some degree. This overlap is unimportant in the context of the survey, but
must be remembered when considering the figures presented in this section and the
previous section.
Water control projects, such as dams for flood control and waterway projects for
transportation, were not specifically listed as a segment of the environmental market for
my survey. This omission was unintentional, and I regret not providing a separate
heading for water control. Therefore, questions of the survey did not specifically address
water control issues. However, many of the survey findings harbor significant
implications for the water control market. In its 1992 forecast, ENR claims that river
control projects face an uncertain future due to financial, regulatory, and environmental
constraints. On the other hand, waterway construction and improvement faces a brighter
future.43
2.2.5. Environmental Assessment
Environmental Assessment includes environmental testing and environmental
engineering/consulting. In the construction industry, classifying firms as either
engineering/consulting firms or constructors is a tricky business. The line between
design and implementation easily gets blurred; such a distinction hardly seems
worthwhile in many cases. This fact is also true for the environmental assessment
industry (referred to simply as engineering/consulting from here on). As the
Environmental Business Journal asserts, "it is often impossible to tell these days where
engineering/consulting ends and treatment begins." 44 Traditional engineering and
construction firms such as Bechtel, Flour Daniel, and Foster Wheeler have expanded
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capabilities to include environmental services - further complicating the classification
issue. However, the environmental engineering/consulting industry appears to be
moving in this direction, as many firms are considering the expansion of construction
capabilities.
The engineering/consulting industry has been one of the fastest growing segments
of the environmental industry, but this growth rate should slow somewhat as the industry
matures. Past growth rates ranged from 25%-30% annually, but future growth is
expected to be about 16%. 45 EBJ still ranks engineering/consulting as the fastest
growing segment of the environmental industry. The primary advantage of
engineering/consulting is that it serves all the other segments of the environmental
industry. For example, it is the engineers and consultants who get called in first to
conduct studies of hazardous waste sites or design pollution control technology.
The large traditional construction firms now entering the market expect to benefit
as demand shifts from studies to implementation. This demand shift can be readily seen
in the hazardous waste market, where increasing numbers of Superfund cleanups are now
moving from remedial investigation and feasibility studies to remedial action plans. 46
Roger Strelow, vice president of Bechtel Environmental Inc., observes "that the market is
increasingly moving in our direction."47 Large engineering/construction firms commonly
deal with complex, billion dollar contracts that last for several years. As large,
government funded cleanup projects come on line, the engineering/construction giants
should be well placed to serve this segment of the market.
The environmental engineering/consulting market represents a $14 billion annual
business, and projected growth estimates remain high at about 16% over the next five
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years. 48 If annual growth continues at around 16%, the total dollar market size will more
than double in the next five years. While industry analysts predict slower growth (down
from extraordinary growth rates of 25%-30%) for this segment as it matures,
environmental engineering/consulting will retain a stronghold in the environmental
market. The environmental testing segment of the market, also included under the
current Environmental Assessment heading, offers a much smaller slice of the pie.
Environmental testing, while growing at very healthy rate of 14%, currently garners
about $2.5 billion annually.49 Compared to other segments of the market, this is a paltry
sum.
2.2.6. Pollution Abatement
Pollution Abatement serves as catch-all segment. Certainly hazardous waste
management, waste water treatment, and other previously listed segments deal directly
with the issue of pollution abatement. In this thesis, this segment includes two specific
thrusts of pollution abatement activity: air pollution control and asbestos abatement.
The asbestos abatement part of this segment is relatively small and its projected growth
rate is low. On the other hand, air pollution control, while a relatively small market
today, appears to be on the brink of very rapid growth. This high growth potential
relates directly to provisions in the new Clean Air Act - the most influential piece of
legislation to emerge in recent years. The final two environmental market segments
discussed in this thesis, Energy and Petrochemicals, will be directly shaped by this new
clean air legislation. Therefore, the following discussion of air pollution control
naturally leads into the subsequent two sections on energy and petrochemicals.
48Ibid., p. 7.
49Ibid.
The re-authorization of the Clean Air Act in November 1990 reflected renewed
concern for sulfur and nitrogen oxides blamed for acid rain. In addition, the new
legislation focuses on the problem of air toxics, or hazardous air pollutants. The Clean
Air Act targets 189 substances, classified as air toxics, for emissions reduction. These air
toxics include heavy metals and organic compounds suspected of posing risks for human
health and the environment. 50 While emissions of sulfur dioxide, nitrogen oxides, and
particulates have been heavily regulated in the past, regulation of air toxics was much
less stringent. Now the EPA possesses -'uch more authority for regulating air toxics.
For those industries identified as significant emitters of air toxics, the EPA will identify
sources of emissions and require them to employ maximum achievable control
technology if: (a) the source emits 10 or more tons per year of any one of the 189 listed
substances, or (b) the source emits 25 tons per year of any combination of the sources.
The industries most likely to be immediately affected are petrochemical
processors and metals producers. The utility industry escapes immediate regulation
regarding air toxics. Despite the fact that 37 of the designated 189 air toxics are known
emissions of power plants51, the associated risks are not easily quantified. In addition,
the emissions of power plants can be hard to nail down. Trace element levels of toxics
exist in coal, but these levels vary widely. Variations in power plant design and
operation, and the complexities of sampling and analyzing trace pollutants, also
contribute to the uncertainty surrounding air toxics emissions from power plants.
In light of these uncertainties, the Clean Air Act calls for the EPA to undertake a
three-year study of possible health risks from utility emissions of air toxics, and to
conduct a separate four year study of the effects of mercury emissions from utility and
other sources. 52 The National Institute of Environmental Health Sciences will conduct a
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separate study to define the threshold of mercury exposure that causes adverse effects on
human health. The EPA has been directed not to regulate the electric utility industry for
air toxics until the completion of these studies. However, if utilities are required to
comply with air toxic provisions like those in the 1990 clean air amendments, the cost
could be $7.8 billion per year in addition to the costs of complying with acid rain
provisions.53
2.2.7. Energy
The final two environmental market segments, Energy and Petrochemicals, are
not really "segments" in the same sense as those listed so far. Rather, they represent two
industries that are particularly likely to feel the effects of increased environmental
concern and regulation. Both industries will need substantial construction investments,
whether that be new facilities or improvements to existing facilities, to meet future
environmental restrictions.
Energy pervades human existence. Modem society, in particular, relies heavily
on energy for sustaining standards of living. The uses of energy have proliferated in the
last century, particularly as people have become richer and more numerous. This
exponential growth in energy use portends serious implications for the environment. As
the Economist reported in its survey of Energy and the Environment:
"Using energy in today's ways leads to more environmental damage than
any other peaceful human activity (except perhaps reproduction). From
deforestation to urban smog, from acid rain to airborne lead, from valleys
flooded for hydroelectric schemes to rivers polluted with coal-mining
waste, from Chernobyl to the Exxon Valdez: all are consequences of the
production or consumption of energy." 54
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Today, we simply cannot speak of the environment without also speaking of energy. The
production and consumption of energy will continue to be a primary focus of
environmental efforts in the future.
Energy comes in various forms. We most often think of thermal energy,
mechanical energy, and electrical energy. In fact, since many of today's machines use
electric energy, we commonly convert thermal and mechanical energy into electricity.
Broadly speaking, the two primary "uses" of energy are transportation and electric power
generation. In this context, a reference to the energy industry naturally implies a
reference to the electric power industry. When I speak of the Energy segment of the
environmental market, I will focus on the electric power industry.
The electric power industry, as a primary user of fossil fuels, faces the associated
pollution problems. Many of today's leading environmental concerns - such as acid rain,
smog, and global warming - result from the burning of fossil fuels. Since fossil fuels are
used to produce approximately two-thirds of worldwide (and U.S) electricity 55,
restrictions on fossil fuel emissions directly impact the electric power industry. Such
effects often require construction services to modify and replace plant and equipment.
Environmental concerns about SO 2 , NOx, and particulate emissions into the atmosphere
have prompted technology improvements in the electric power industry. While these
areas are still of ongoing concern, a new potential threat is emerging: global warming.
Global warming occurs when gases in the Earth's atmosphere trap infrared
radiation (heat) that is created when the Sun heats up the Earth's surface. Carbon dioxide
(CO2 ) is one of the primary greenhouse gases, and it deserves special attention since the
burning of fossil fuels releases CO 2 into the atmosphere. There is considerable
controversy surrounding the scientific, political, economic, and social effects of global
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warming. Indeed, definitive proof of actual global warming may not be available for
many years. Unfortunately, if we want to curb the potential impacts of global warming,
actions must precede proof.
Since the mid- 1970s, energy efficiency for electric power in the U.S. has focused
almost completely on the demand side - or consumer. Equally important efficiency gains
in electric supply equipment have been largely ignored.56 A study by the MIT Energy
Laboratory concluded that energy efficiency of both supply and demand will produce the
most economic electric power while substantially improving the environment. The study
also concluded that many electric utilities in New England could construct new plants
that more than meet current regulations while also becoming more profitable.5 7 Such an
emphasis on improved electrical supply translates into major opportunities for the
construction industry, both from constructing new electrical power plants and retro-
fitting old ones. Likely responses to global warming, and the related opportunities for
construction, are discussed more fully in Chapter IV.
2.2.8. Petrochemicals
Like the Energy market segment, the Petrochemical segment is included
particularly because of its sensitivity to environmental concerns. Petrochemicals appear
in a multitude of modern products ranging from plastics to clothing, and petroleum
represents an important energy source. Like the energy industry, the petrochemical
industry has traditionally been a mega-project customer of the construction industry.
Petroleum extraction facilities and petroleum refineries represent some of the largest
construction projects ever undertaken. Currently, a great deal of concern exists for the
environmental impact of such facilities.
561bid., p. 3.
571bid. p. 4.
The recovery and use of other fossil fuels, such as coal and natural gas, also
contribute to environmental problems. But I will look at the petroleum industry
primarily because it is the dominant fuel source for a primary use of energy:
transportation. In addition, the petrochemical industry is a primary user of energy in the
manufacturing sector. Thus we see that the Energy and Petrochemical segments are
highly related since petroleum products represent a major fuel source for energy -
especially for the energy hungry transportation industry.
Potential global warming is the most vexing environmental problem now related
to fossil fuel consumption. There is widespread disagreement scientifically, politically,
economically, and socially about what should be done to curb the emission of greenhouse
gases, particularly carbon dioxide (C0 2 ). Setting limits on carbon dioxide emissions will
be one of the most contentious issues at this summer's environmental summit in Brazil. I
am not daring enough to predict the outcome of this debate. However, one thing is clear:
preservation of the status quo is highly unlikely. Actions to reduce emissions will move
forward, the question is how to reduce such emissions and how quickly to proceed.
Unfortunately, no good technological fix exists for reducing CO 2 efficiently. In fact,
many measures meant to cure other environmental ills - such as scrubbing coal gases to
remove sulfur dioxide - actually increase the amount of carbon dioxide released per unit
of energy produced. The best way to reduce carbon emissions is to cut consumption of
fossil fuel. Although a very persuasive argument can be made for conservation, it is
unlikely to be the sole solution. Likewise, the use of alternative energy sources could
provide relief. However, in the foreseeable future, fossil fuels will remain essential
energy sources. Technological solutions to reduce CO 2 emissions, combined with
alternative energy sources and conservation, appear to offer the best solution.
While natural gas and oil offer lower carbon contents than coal, the petrochemical
industry will undoubtedly be affected by the ongoing debate on global warming. The
petrochemical industry is already heavily regulated by the Clean Air Act and hazardous
waste legislation (the petrochemical industry is a leading producer of hazardous wastes -
see Table 4.2.2). Highly visible environmental disasters, such as major oil spills, tend to
focus environmental attention on this industry.
Currently, the U.S. domestic oil industry finds itself in a dire situation. American
oil companies had a bad year in 1991, and the first quarter of 1992 looks even worse. In
1991 net profits for the top companies' foreign operations fell only 2%, but domestic
earnings fell 36%.58 The industry currently faces patchy demand and low prices. In
addition, new environmental laws are driving up the cost of producing and refining oil.
The Clean Air Act will require refiners to re-equip their refineries in order to meet new
gasoline standards to be introduced in 1995, which according to energy consultant
Dillard Spriggs, "will cost billions of dollars."59 Now many America., oil producers are
directing resources to foreign markets, and the refining industry may follow them abroad.
This shift to foreign market is not terribly surprising; after all, America is the "most
explored oil province on the planet and was bound to lose out to other countries sooner
or later. But the uncertainty and bureaucracy that the environmental movement brings
has accelerated the decline."60
Past environmental legislation has greatly affected the petrochemical industry
directly or indirectly. The 1990 amendments to the Clean Air Act aimed at reducing
vehicle emissions require changes in how gasoline is made. Actually two gasoline
reformulations are proposed: one by 1995, the other by 2000. The 1995 formulation
involves simply lowering the vapor pressure of gasoline, which may be done fairly
easily. However, the reformulation for the year 2000 would be much more thorough -
and potentially costly. California adopted even stricter measures, requiring the statewide
58
"In the oildrums", The Economist, April 18, 1992, p. 75.
59Ibid.6olbid.
sale of even more severely reformulated gasoline by 1996.61 James W. Kinnear,
president and chief executive officer of Texaco, Inc., claims that additional requirements
for reformulated gasoline - beyond lowering the vapor pressure of gasoline, which is the
least costly - will contribute little to improved air quality but cost much.62 He estimates
that in 1995 only 10% of hydrocarbon emissions will come from tailpipe exhaust, with
about half of that (5%) due to cars and light trucks. He goes on to say that this 5% is the
major target of the costly Clean Air Act amendments. In contrast, about 15% of
hydrocarbon emissions will come from gasoline evaporation. Mr. Kinnear claims this
evaporation could be contained efficiently and economically with existing technology -
thus reducing hydrocarbon emissions more easily than could be achieved through
expensive reformulations of gasoline. 63 Despite strong objections from the
petrochemical industry, gasoline reformulation requirements will likely be adopted by
many states and cities.
As efforts to restrict potential global warming gain momentum, carbon emissions
from the burning of fossil fuels will be a primary target. It is difficult to predict what
construction opportunities might arise from future regulations concerning global
warming. But the Petrochemical industry is an area to keep an eye on as the greening of
the globe continues; it will undoubtedly receive a lot of attention.
Concluding Remarks
This chapter provided an overview of the environmental market and its segments
as defined for this thesis. By any measure, this chapter provides only an introduction to
the market; the chapter is by no means an exhaustive treatment of the subject. Instead,
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this introduction to the environmental market sets a framework for analyzing the survey
results, which are presented in Chapters 3 and 4.
Chapter III: Environmental Survey of the Construction Industry
As previously discussed, the environmental market actually consists of several
distinct sub-markets (referred to in Chapter II as market segments). The environmental
market - as a distinct, identifiable entity in its own right - has taken shape primarily
during the past decade. The environmental market classification now serves as a useful
grouping of many related environmental segments. Several of these component
segments are relatively new, such as the hazardous waste segment. In addition, many of
the segments have grown dynamically in recent years. As a consequence, accurate and
reliable information about the environmental market is scarce. Relatively little has been
written in the past about the potential role of the construction industry in this market;
only recently have construction industry publications added the environment as a distinct
market sector.
However, current speculation about the environmental construction market
abounds. Increasing numbers of construction firms are rushing to position themselves
for what is perceived to be the beginning of an environmental era for the industry.
Environmental work is largely predicted to be one of the quickest growing construction
sectors in the next couple of decades, and current debate concerns what the opportunities
and challenges of this market will be. At this time, widespread disagreement still exists.
In order to better understand the construction industry's perceptions of the
environmental market, a survey of the industry was conducted. The purpose of the
survey was to explore the opportunities and challenges presented by the environmental
market, and to determine the responses of the construction industry to these opportunities
and challenges. The survey was also intended to test several commonly heard
perceptions of the market. For example: Is the environmental market currently burdened
with excessive legal and regulatory restrictions? Is there a lack of adequate technology
to supply the needs of the market? Are environmental services just added cost that will
eventually be eliminated by market forces (i.e., as an added cost, will buyers and sellers
ultimately be unwilling to foot the bill for such expenses)? While not everyone
subscribes to all or any of these views, adherents are commonly found throughout
society, including the construction industry.
A clarifying point should be stressed here. The term "survey" is often used to
generally refer to a "questionnaire". Thus, questionnaires are commonly referred to as
surveys. In this thesis, however, I will maintain a distinction: the questionnaire will be
only one part of the survey, albeit the predominant one. Several interviews comprise the
second part of the survey. The reader should remember that in this thesis, a reference to
the survey means both the questionnaire and the interviews taken as a whole, not simply
the questionnaire. In the end, this distinction is not terribly important; the findings of
the questionnaire played a much larger role in my research, and the findings of the
interviews mostly corroborated the results of the questionnaire.
Section 3.1 discusses the questionnaire design and important statistics, such as the
targeted sample firms and the response rates. Section 3.2 presents the results of the
questionnaire, first from the supply side (constructors, designers, and technology
vendors) and then from the demand side (owners). Section 3.3 concludes the chapter
with a summary of important findings.
3.1. The Questionnaire
The questionnaire represented the primary component of the survey since it
afforded the best means for collecting a large amount of information from many diverse
sources. Section 3.1.1 describes the questionnaire design, and Section 3.1.2 follows
with a summary of important statistics of the questionnaire.
3.1.1. Questionnaire Design
In actuality, there were two questionnaire designs. The first questionnaire was
designed for contractors, designers, and technology vendors. The second questionnaire
was tailored for owners of constructed facilities. The main difference between the two
questionnaires is the third section, which was modified for the owners. Both
questionnaires emerged from the same general design, so I will refer here to this common
design. Copies of both questionnaires are included as appendices. Appendix A.1 shows
the constructor/designer questionnaire; Appendix A.2 shows the owner questionnaire.
The reader should refer to them for a direct comparison of their specific differences.
The questionnaire consisted of three sections. Section I asked for general
information about the respondent, Section II inquired about the envirunmental market,
and Section III examined the response of the firm to this market. Section II and
Section III contained several parts. These sections are briefly described below.
Section I: General Information about Your Firm included about ten separate
questions. These questions asked about the age and size of the firm, the role of the firm
in the construction industry (e.g., constructor, designer, or owner), and the level of firm
activity in the defined segments of the environmental market (described in Sections
2.2.1-2.2.8). Section I also inquired about the geographic scope of the firm, including
the location of the firm's headquarters and its extent of operations in various global
regions.
Section II: The Environmental Market contained approximately twenty
questions. This section was split into three parts. Part A examined the size, location, and
type of the total market and its various segments. Specific questions dealt with the dollar
size of the total market, growth rate of the market, the relative market sizes in various
regions of the world, and the future opportunities in the market segments. Part B
explored the regulatory and legal issues of the environmental market. Particular
questions addressed the current level of regulation in the market segments, the degree to
which regulations drive the market, and the impacts of these regulations on construction
activity. In addition, a few questions inquired about liability and insurance in the market.
Part C investigated technology issues related to the environmental market. These issues
included the role of regulation and government in technology development, the use of
proprietary versus off-the-shelf technology, the need for corrective versus preventive
technologies, and the degree to which technology is a barrier to entry in the market
segments.
Section III: Response to the Environmental Market consisted of two parts and
contained approximately twenty questions. The constructor/designer and owner
questionnaires differed primarily in this section. However, the two questionnaires use
the same general format here as well. Specific differences will become evident later
when the results are explained. Part A examined the business strategies employed by the
firms in response to the environmental market. For the constructors/designers, the issues
of particular interest were: the strategies used to obtain the capability to provide
environmental services, the relative importance of the market and its various segments to
the firm, and the reasons for operating in the market. Regarding the owners, particular
questions addressed the importance of the environmental market segments in their
business, how their normal business activities have been recently affected by
environmental regulations and concerns, and the expected need for construction services
due to these regulations and concerns.
In both versions of the questionnaire, Part B looked at the results of increased
environmental awareness and responsibility on the construction industry. Specific
questions considered the impact of environmental concerns on construction activities, the
importance of environmental responsibility for obtaining work in the construction
industry, and restrictions placed on construction due to environmental concerns.
In total, the questionnaire included approximately 50 questions. However, almost
all of the questions had multiple parts. In fact, completion of the questionnaire required
a total of about 150 answers, or an average of three parts per question. Each
questionnaire also contained a cover letter, an instruction page, and a release form for
further participation in the survey. Respondents had the option to report their name and
title. Any material indicating the identity of a respondent was separated from the
returned questionnaire, thereby guaranteeing the anonymity of the responses.
3.1.2. A Summary of Questionnaire Statistics
Before looking at the results of the questionnaire, some background information
is necessary. The participants included constructors, designers, technology vendors, and
owners. Constructors included general contractors and subcontractors, while designers
included architects and engineers. The questionnaire was sent to a wide variety of firms,
large and small, domestic and foreign. Typically the firms operated in one or more
segments of the environmental market, however, this did not always hold true (e.g., some
owners did not participate directly in any of the environmental markets). Since a broad
survey of the industry was desired, no strict rules applied for selection of the firms. Most
of the firms appear annually in the Engineering and News Record rankings of top
contractors, designers, and owners.
Three final lists of firms were compiled. The first list included 240 domestic
contractors, designers, and technology vendors. The second list consisted of 75 foreign
contractors, designers, and technology vendors. Classifying construction firms as
constructors, designers, or technology vendors can be difficult and somewhat arbitrary.
Many firms purport to be all three. However, based on the principal roles of the firms,
the first two lists included approximately 145 constructors, 145 designers, and 25
technology vendors - a total of 315 firms altogether. The third list included 120 domestic
owners of constructed facilities. The owners ranged from hospitals to petrochemical and
utility companies.
Questionnaires were sent to the domestic construction firms in August 1991 and
the international mailing followed in September. The owner questionnaires went out in
January 1992. I received responses from 80 domestic firms, 13 foreign firms, and 22
owners. These numbers correspond to a 33% response rate (80/240) for the domestic
construction firms; a 17% response rate (13/75) for the foreign construction firms; and a
18% response rate (22/120) from the owners.
Considering the length and specific nature of the questionnaire, these response
rates were very good. In fact, the enthusiasm of the participants surpassed my
expectations. Almost 95% of the respondents gave their name and title, and quite a few
presidents and CEOs filled out the questionnaires - especially for the domestic
construction firms. In almost all cases, the respondents appeared to be well equipped to
answer the questions thoughtfully and reliably. Based on those respondents who gave
their titles, the questionnaires were often completed by persons directly involved in
planning business strategies for the firm. As a final note, close to 30% of the
respondents agreed to further participation in the survey. This list provided the starting
point for the personal interviews conducted after the questionnaire.
The next section examines the results of the questionnaires, specifically from
*Section I: General Information about the Firm and Section II: The Environmental
Market. (Chapter 4 looks more closely at Section III: Response to the Environmental
Market.) The supply side of the market, which includes designers, contractors, and
technology vendors, is presented first. A look at the demand side, which includes the
owners of constructed facilities (i.e., "owners"), follows the supply side analysis. The
final section of this chapter summarizes the important questionnaire findings regarding
the environmental market.
3.2. Perceptions of the Environmental Market: Questionnaire Results
This section investigates the environmental market from the perspectives of the
supply and demand sides of the market. The questionnaire findings provide the
foundation for these two analyses. The supply side and demand side are treated
separately in sections 3.2.1 and 3.2.2.
When reporting the results of the questionnaire throughout this thesis, I will
sometimes refer to the response rate of a particular question. The response rate simply
refers to the percentage of respondents who answered that particular question. For most
of the questions the response rate was very high (above 90%), but in some cases the
response rate was much lower. Most often I will discuss the frequency of response for
particular answers. For example, 70% answered "Yes" to a question while 30%
answered "No". Appendices A.3 and A.4 show the detailed questionnaire responses for
the domestic and foreign construction firms.
3.2.1. The Construction Industry: The Supply Side
In this discussion, the construction industry includes constructors, designers, and
technology vendors. For convenience, I will refer generally to such firms as
"construction firms". Indeed, there are many differences between constructors,
designers, and technology vendors. However, classifying firms as one or the other is
often impossible in the construction industry. For example, many firms engage in design
and construction. A finer line of distinction can usually be drawn between constructors
(or designers) and technology vendors, but quite a few firms qualify as both. Due to
these difficulties of classification, examining the differences of opinion between such
firms proves very difficult: How should a design firm that is also a technology vendor be
compared with an independent technology vendor or designer? The combinations and
relationships quickly grow, further diluting comparisons and distinctions between such
groups. For this survey, lumping these firms together as the supply side of the market
provided a much more convenient and useful way to analyze the data: the supply side
compared to the demand side, or construction firms compared to owners.
This section examines the questionnaire responses of the supply side firms. The
general characteristics of the respondents are discussed first. Their perceptions of the
environmental market are then presented. The domestic and foreign firms are treated
together except where notable differences exist.
General Characteristics of the Respondents
Most of the participating firms have been active in the construction industry for
quite a while. Approximately eighty percent of the domestic firms formed before 1970,
with close to three-quarters of them having formed before 1950. A much smaller
number started business from 1970 to 1989 and only a very few firms got started since
1990. The foreign firms were slightly older in the sense that no firms reported starting
after 1980, but the relative proportions of firms starting before 1950 or between 1950 and
1979 remained much like the domestic firms. On the average, the participating firms
represent a very experienced group.
Roughly half of the participating domestic firms reported annual revenues of less
than or equal to $100 million. Of the remaining firms, about thirty percent reported
revenues between $101-500 million, ten percent reported revenues between $501m-lb,
and ten percent reported annual revenues exceeding $1 billion. Fifty percent of the firms
employed between 101-1,000 persons, and 44% had more than 1,000 employees. On
the average, the domestic firms represented a wide spectrum of sizes, from relatively
small to very large. In contrast, the foreign firms were much larger on average. Seventy
percent of the foreign firms reported revenues over $500 million (compared to 20% of
domestic firms) and 77% employed more than 1,000 employees (50% for domestic
firms). In summary, the foreign firms that responded to the questionnaire tended to be
rather large and well established, whereas the domestic firms exhibited much broader
ranges of age and size.
Table 3.2.1 shows how 79 domestic and 13 foreign construction firms classified
themselves. The firms checked all of their principal roles - not just a single role.
Therefore, the percentages shown do not add up to 100%. Rather, the percentages given
should be interpreted as follows: X% of the firms that answered this question classified
themselves as a firm tve. For example, 54 of the 79 domestic respondents - or 68% -
classified themselves as engineering or design firms.
Public Owner
Private Owner
Engineering or Design Firm
Technology Vendor
Supplier
Constructor: General Contractor
Subcontractor
1
3
6
3
5
12
1
8%o
Table 3.2.1. Classification of domestic(d) and foreign (f) construction firms responding to questionnaire.
Notes: 79 domestic and 13 foreign firms responded. Percentages rounded to nearest 1%.
As shown above, the majority of the respondents classified themselves as designers
and/or constructors. In addition, almost 25% of the respondents classified themselves as
technology vendors. Note that some of these firms also classified themselves as owners
and suppliers. However, these were typically secondary roles - especially for the
domestic firms. The foreign firms were all constructors and tended to be more
integrated, probably due to their large relative sizes. Approximately half of the
participating firms, both domestic and foreign, reported to be subsidiaries of another
company (not shown in table).
11
54
19
9
46
5
14%
68%
24%
11%
58%
7%
23%
46%
23%
38%
92%
8%
The firms were asked to report the extent of their current involvement in the eight
segments of the environmental market discussed in Chapter II. These segments included:
Hazardous Waste, Solid Waste, Sewer / Waste Water, Water Supply, Environmental
Assessment, Pollution Abatement, Energy, and Petrochemicals. The firms reported their
involvement as a percentage of total business activity. The possible answers included:
Not at all = 0%, Minor = <10%, Modest = 11-30%, Major = 31-99%, and Exclusive =
100%. The domestic firms displayed a wide range of activity. For most of the segments,
typically 50-60% reported little or no activity, another 30% or so reported modest
activity, and the remaining 10-20% reported major activity. However, the hazardous
waste, petrochemical, and pollution abatement segments showed slightly higher
percentages reporting major levels of activity. The clear winner is the hazardous waste
segment, where over one-third of the respondents reported major activity. But quite
frankly, the domestic firms are a well diversified group. No conspicuous biases
appeared.
In contrast, the foreign firms showed much stronger involvement in traditional
construction markets such as petrochemicals, energy, water supply, and sewer / waste
water. The newer market segments - including solid waste, hazardous waste, pollution
abatement, and environmental assessment - constituted little or nothing of their business
activity. In this case, the hazardous waste segment is the clear loser. Over half of the
foreign firms claimed to not participate in the hazardous waste market at all. Of course,
this may be a general reflection of a lesser demand for these services in their respective
countries. Since the United States has the world's most mature hazardous waste market
(a direct result of RCRA, CERCLA, and other comparable acts), this discrepancy
between domestic and foreign firms is not surprising. The sample of foreign firms was
small, only 13 in number (4 from Japan), so comparing their results to the domestic firms
requires caution. But the foreign firms were typically very large. If we compare them
with the domestic firms, particularly those of similar size, a distinct difference appears:
3.2.1 shows the relative business activity of the foreign and domestic firms in four
emergent environmental segments.
Foreign Firms
60%
SHazardous Waste
50% Solid Waste
40% E Pollution Abatement
0 Environmental Assessment30% -
20%°
10%
0%
Not at all Minor Modest Major Exclusive
Domestic Firms
A0%
Nts: Percentage of respondents who gave answers (shown on the horizontal axis) to the question:
"Please indicate the extent of your company's involvement - measured in terms of total
business activity - in the following areas."
Figure 3.2.1. Business activity in emergent environmental segments.
The domestic firms, on the average, report higher activity levels in hazardous waste, solid
waste, pollution abatement, and environmental assessment than their foreign counterparts.
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The domestic firms, on the average, report higher activity levels in hazardous waste,
solid waste, pollution abatement, and environmental assessment than their foreign
counterparts. Not many foreign firms claim more than a minor involvement in these
areas. Proportionately, many more domestic firms reported modest, major, or exclusive
activity in these four segments.
The foreign firms who responded to the questionnaire represented the following
countries: Japan - 4 respondents, Canada - 1 respondent, Sweden - 1 respondent, United
Kingdom - 1 respondent, Italy - 1 respondent, Singapore - 1 respondent, Greece - 1
respondent, Australia - 1 respondent, and Taiwan - 1 respondent (1 unreported).
Alihough the group is small, they cover the globe! One respondent to the domestic
questionnaire claimed Germany as the country of its headquarters; the rest claimed the
United States. Due to the small foreign sample size, I will use care when directly
comparing results to those of the domestic firms. But in cases where an apparent
distinction exists, I will mention the possible differences.
The participating firms also listed the geographical scope of their business. The
firms were asked to indicate the percentage of their work that was local, regional,
national, or international. Unfortunately, this question caused some confusion. I
intended for the sum to equal 100%, but did not explicitly state this desire. Therefore,
several firms reported totals well above 100%. The question should have been clearer
and perhaps seems redundant at first (i.e., if work is local, some might consider this
regional, or perhaps national). Fortunately, most of the firms reported percentage
breakdowns totaling 100%. Here, I will refer only to these firms. For the domestic
firms, the geographical scopes from most to least important were national, regional,
local, and international. The national, regional, and local areas represented markets of
similar proportions, but the international work lagged far behind in importance for most
firms. The domestic firms operated predominantly in North America. Other markets
were much less important on average. Of the other markets, Latin America, the Far-East,
and Mid-East slightly out-ranked the eastern and western European markets in
importance.
For the foreign firms, the geographical areas rank similarly except that
international markets play a much larger role, in many cases rivaling or surpassing the
importance of national markets. The foreign firms typically split work between national
and international markets. Of course, this makes perfect sense. Most of the countries are
geographically and economically much smaller than the United States, thus making
national markets more accessible and necessary. Likewise, many look to international
markets as well. In contrast to the domestic firms, the foreign firms rely much more
heavily on international markets.
For the domestic constructors and designers, private work appears slightly more
important than public work. The foreign constructors and designers rely equally on
private and public work. The domestic firms regularly use competitive bidding, cost-
plus-fee, and negotiated price contracting, with competitive bidding being the most
common. The foreign firms also regularly use all three contracting methods, but
competitive bidding and cost-plus-fee play smaller roles than for the domestic firms.
In summary, the domestic and foreign firms that responded to the questionnaire
represent a broad range: large, small, diversified, non-diversified, national, and
international. The firms operate throughout the world and conduct business in all
segments of the environmental market. The respondents comprise a broad sampling of
the construction industry. Now we can turn our attention to a more enlightening pursuit:
analyzing the respondents' perceptions of the environmental market.
Perspectives of The Environmental Market
Section II of the questionnaire inquired about the environmental market as
viewed by the respondents. Section II contained three parts: A. Market Size, Location,
and Type; B. Regulatory and Legal Issues; and C. Technology Issues. I will present
the results from each of these parts in turn.
A. Market Size, Location, and Type
Particular questions pertained to market sizes, locations, and types. From the
earlier discussions in Chapter II, we know that defining the environmental market is
tricky and therefore any numbers attached to the market must be viewed cautiously. The
questionnaire contained a series of questions which asked respondents to estimate the
dollar size of their domestic environmental market now and in 2000. Similar estimates
were requested for the worldwide market at both times. I report the estimates below, but
of more interest is not the actual dollar figures, but the relative distributions of responses
of the domeotic versus international firms. Table 3.2.2 shows the results.
1. "m your country today'"!
ii. "in your country in 2000?"
iii. "worldwide today?"
iv. "worldwide in 2000?"
i. "in your country today?"
ii. "in your country in 2000?"
iii. "worldwide today?"
iv. "worldwide in 2000?"
0%
0%
0%
31%
0%
0%
0%
L IUo
6%
1%
1%
46%
50%
8%
0%
31% o
29%
17%
4%
23%
34%
25%
8%
ZUT%
29%
53%
76%
0%
8%
25%
67%
*Figures report percentages of total respondents that gave a particular answer.
Table 3.2.2. Domestic(d) and foreign (f) responses to question regarding environmental market size.
Notes: On average, 72 domestic and 12 foreign firms responded to each.
Percentages rounded to nearest 1%.
36% 136%
29%
18%
0%
8%
42%
25%
U% ZZ%
It is probably wise not to dwell on specific numbers since assigning meaningful values
proves very difficult. Look instead at the trends. Both the domestic (U.S.) and foreign
firms expect significant growth in domestic and worldwide markets, as deduced from the
relative shifts in responses to questions concerning current and future markets. Also note
that on the average, foreign firms assess their domestic markets as much smaller than
their American counterparts. Seventy seven (77%) percent of the foreign firms estimate
their current domestic market to be less than or equal to $10 billion, and of this total,
almost half believe the market to be less than $1 billion. By contrast, only 27% of the
American firms believe their domestic market to be less than or equal to $10 billion, and
none estimate the market below $1 billion. Both the foreign and domestic firms predict
the worldwide environmental market to exceed $100 billion by 2000.
A separate question explicitly asked the firms if they expected the market to grow
between now and 2000. The respondents overwhelmingly said the market would grow;
very few thought the market would shrink or stabilize. Of the firms predicting growth,
almost all described the growth to be "Moderate" to "Very Quick", rather than "Slow".
In fact, close to half of the domestic and foreign respondents predict quick growth (i.e.,
growth between "Moderate" and "Very Quick").
The respondents classified environmental markets from regions throughout the
world using a five point scale, going from "Small" to "Medium" to "Large". The markets
in North America and western Europe often ranked better than "Medium" sized.
Expectedly, most American firms listed the North American market as "Large". The
eastern Europe market received mixed reviews, indicating that at least some firms saw
significant opportunities while others did not. The Far East received opinions scattered
around the medium ranking. Latin America and the Mid East were generally viewed as
smaller markets. It is worthwhile to remember that all of these responses more likely
reflect actual versus potential markets. But market potential does play a role. The mixed
rankings of eastern Europe provide an example. The potentially large eastern European
market undoubtedly led some firms to label this market as "Large", despite the fact that
most view the current "actual" market as small.
The respondents indicated potential opportunities for the construction industry
over the next five years in each of the environmental segments. For the domestic firms,
the Solid Waste and Hazardous Waste segments finished at the top. Most respondents
believed these segments provided the most opportunity. However, the remaining
segments, especially Petrochemicals, Pollution Abatement, and Environmental
Assessment, appeared strong. No segment was singled out as a clear loser. The foreign
respondents viewed all the segments much the same. In contrast to the American firms,
Hazardous Waste finished in the middle of the pack, and Sewer / Waste Water and
Energy were seen to hold the most promise. Once again, no clear losers were identified,
but the Petrochemical market did receive rather lower rankings than the other segments.
Table 3.2.3 shows the results of this question.
1azaraous waste
Solid Waste
Sewer / Waste Water
Water Supply
Pollution Abatement
Environmental Assessment
Energy
Petrochemicals
Hazardous Waste
Solid Waste
Sewer / Waste Water
Water Supply
Pollution Abatement
Environmental Assessment
Energy
Petrochemicals
1%
1%
1%
0%
3%
0%
1%
0%
0%
0%
0%
8%
0%
0%
15%
5%
9%
9%
4%
16%
14%
11%
15%
0%
0%
15%
0%
8%
15%
31%
16%
33%
35%
27%
17%
33%
24%
31%
39%
31%
46%
31%
22%
15%
39%
42%
35%
36%
36%
42%
23%
20%
46%
39%
46%
39%
31%
62%
55%
15%
30%
16%
12%
31%
17%
14%
20%
8%
23%
23%
0%
22%
0%
15%
0%
6%
6%
6%
3%
6%
16%
23%
0%
0%
0%
0%
8%
8%
0%
0%
*Figures report percentages of total respondents that gave a particular answer.
Table 3.2.3. Domestic and foreign responses regarding construction opportunities in the environment.
Notes: On average, 78 domestic and 13 foreign firms responded to each part.
Percentages rounded to nearest 1%.
B. Regulatory and Legal Issues
In contemporary politics, one often hears opposing views regarding the need for
regulation. With regards to the environment, one simple conclusion often emerges:
business views regulation as excessive while environmentalists view it as too light. I
cannot comment directly on the environmentalist perspectives here, but the respondents
in this questionnaire offered their opinions of current environmental regulation.
Somewhat surprisingly, in all but one of the segments the domestic respondents
overwhelmingly viewed regulation to be "Not Excessive". Only in the Hazardous Waste
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segment was opinion roughly split between the "Excessive" and "Not Excessive" votes.
The foreign respondents were more inclined to rank regulations in their countries as
"Excessive", but only one segment - Energy - held a majority of "Excessive" votes.
From these findings, environmental regulations appear to be not excessive for
construction firms operating in these areas. The respondents also generally believe that
the environmental market should be driven more by regulation forces than market forces.
These results may be explained in part due to the nature of environmental effects.
Environmental effects are largely externalities in most markets. In other words, the costs
and benefits to society of environmental effects are not explicitly accounted for in the
pricing of most goods and services. If a plant dumps effluent into a river that fishermen
depend on for their daily catch, the firm has no market incentive to account for the cost
its effluent may impose on the fishermen. Likewise, if an industrial plant voluntarily
reduces emissions, any benefit to society will not be accounted for by the market. In
general, market forces fail to reward good environmental behavior and also fail to punish
harmful behavior. Such a condition, where the effects of production and consumption
activities are not directly reflected in the market, leads to an externality. 64 Most
environmental effects classify as externalities. Therefore, it should come as no surprise
that the respondents in the questionnaire favored regulation over market forces.
Generally speaking, many of the environmental market segments (e.g., hazardous waste
and air pollution abatement) owe their very existence to regulatory forces. Without such
regulation, much of the current environmental market would disappear.
The respondents further believe that regulations should be more incentive based,
not more punitive. The opinions show that while punitive measures should be retained,
most favor incentives over punitive measures. They rank the federal government as the
most important actor in setting environmental regulations of the future, with state
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"Externalities and Public Goods," Microeconomics, Second Edition, Pindyck and Rubinfeld, p. 639.
governments not far behind in importance. Local governments are seen as the least
important player in setting future regulations. In addition, most tend to believe that it is
important to establish international regulations concerning the environment. But in the
absence of such international regulations, neighboring countries should have similar
regulations. The foreign firms held these two beliefs with greater conviction. The
foreign firms more heavily stressed the importance of international regulations and
comparable regulations between neighboring countries. Such a finding seems
reasonable; most of the foreign countries are much smaller than the United States and
have more neighbors closeby.
Environmental regulations may produce additional opportunities for the
construction industry, as in the hazardous waste market where regula'ton has driven site
cleanups. Likewise, environmental regulations may inhibit construction activity, such as
current restrictions on development in or near wetlands. Of course, some regulations
restrict construction in some areas while promoting it in others. In the questionnaire, I
did not set out to judge the appropriateness of specific regulations that either promote or
restrict construction. Rather, I asked the respondents whether future environmental
regulations would provide additional construction opportunities. In a separate question, I
asked whether future environmental regulations would result in greater restrictions on
construction. Table 3.2.4 shows the results of these questions for the domestic
respondents.
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*Figures report percentages of total respondents that gave a particular answer.
Table 3.2.4. Domestic(d) firm responses to questions regarding environmental regulations.
Notes: Percentages rounded to nearest 1%. Answers on a five point scale, 1 to 5.
78 domestic fir.o, 1esponded to each question.
The respondents clearly believe that future environmental regulations will provide
additional opportunities for construction, and that future regulations are likely to increase
restrictions on construction. The responses to this question reflect general opinion that
while some areas of construction may be further restricted in the future due to
environmental regulations, other areas will be opening up as a result. As seen in
Table 3.2.3, higher percentages of respondents expect additional opportunities than
expect greater restrictions. Furthermore, based on a Pearson correlation test65, there is no
significant correlation (r = 0.08) of answers between the two separate questions. In other
words, the answers to the two questions are independent of each other. This question
does not address which construction areas will be affected, but later results deal directly
with the prospects for given market segments.
Regulations often deal directly with liability concerns of environmental damage.
The hazardous waste business offers a good example. Under Superfund legislation,
liability provisions cover just about everybody ever involved in the site - including those
who sent waste to the site, transported the waste, ran the site, and sometimes even
65The Pearson Correlation Coefficient (r) ranges from -1 to +1. -1 indicates a perfect negative
correlation, +1 a perfect positive correlation, and 0 indicates no correlation.
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bankers who funded these companies. 66 In fact, establishing liability draws more
attention than cleaning the sites. No wonder contractors involved in Superfund cleanups
are nervous. If further cleaning of so called "cleaned up" sites is ordered in the future,
will the contractors themselves be included in the list of potentially liable firms? This
question represents a valid concern. In addition, the insurers of the polluting firms are
increasingly being asked to foot the bill for cleanups. Since the cost of cleanups can be
staggering, firms and insurance companies that are forced to pay could find themselves
bankrupt, or close to it. Establishing liability is fraught with obstacles.
I addressed several questions in the questionnaire to the issue of liability as it
relates to the environmental market as a whole. Over 80% of the domestic respondents
believe potential liability is a significant hindrance to operating in the environmental
market, with half of this number viewing liability as a "Very Significant" obstacle. The
foreign firms feel less strongly about the issue, but still believe liability is a significant
issue. Figure 3.2.2 shows these opinions concerning potential liability in the market.
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"Cleaning up old pollution," The Economist, February 29, 1992, p. 18.
"Is potential liability from environmental work a significant hindrance to operating in the environmental market?"
*Figures on the vertical axis report percentages of total respondents that gave a particular answer on horizontal axis.
Figure 3.2.2. Potential liability as a hindrance in the environmental market.
From the figure, we see that foreign construction firms tend to rate potential liability as a
significant hindrance, while their domestic counterparts are more inclined to rate liability
as very significant. The dashed and dotted lines in the figure are included to indicate the
general trends of the responses. The lines simply connect adjacent columns in the same
category; the two categories are foreign and domestic construction firms. The lower
rating by foreigners probably reflects the fact that environmental liability has not been as
far reaching in most countries as in the United States. However, current debate in
Europe, especially in Britain, centers around this volatile issue. 67
The domestic firms feel that lending institutions, bonding companies, and
particularly insurance companies are more wary of the environmental market. The
foreign firms, while agreeing that insurers are more wary, do not believe this for lending
and bonding companies. Figure 3.2.3 displays these findings.
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*Figures on the vertical axis report percentages of total respondents that gave a particular answer on horizontal axis.
Figure 3.2.3. The degree that lending companies, bonding companies, and insurers are wary of the
environmental market - as compared to other construction markets.
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The figure clearly shows that domestic construction firms generally believe that lending
companies, bonding companies, and insurers are more wary of the environmental market
than of other construction markets. The foreign construction firms generally do not view
lending and bonding companies as more wary of the environmental market; but they do
believe insurance companies are more wary of the market. Once again, the lines
connecting adjacent columns from the same category (domestic and foreign) show the
trends. The highly litigious nature of the United States may partly explain the more wary
outlook (as perceived by the construction firms) of the American lending, bonding, and
insurance companies. In a separate question, the vast majority of both domestic and
foreign firms indicated that the Government (of their respective countries) should limit
liability in the environmental market.
Responses to the questions discussed above indicate that foreign firms see
potential liability as a serious, and perhaps growing concern. However, domestic
construction firms already view potential liability as a more serious concern than their
foreign counterparts. This difference may reflect the fact that the U.S. environmental
market, particularly in areas such as hazardous waste, is currently much more regulated
than in most other countries - even the highly developed countries that participated in the
questionnaire.
C. Technology Issues
Technology plays a central role in many of today's environmental problems. As
environmental regulations become stricter, technology must rise to meet these goals as
efficiently as possible. The best technology must meet two, often opposing goals:
maximum cleanup and minimum cost. Defining either goal is tough; defining both can
be downright impossible. Defining exactly what is "clean", or what is an acceptable level
of risk from environmental pollutants, represents only half of the problem.
Unfortunately, the marginal cost of reducing risk soars as the risk shrinks. For some
environmental endeavors, such as hazardous waste cleanup or air pollution abatement, a
suitable technology may not exist, or be prohibitively expensive. For other areas, like
solid waste, suitable technology may already exist. But technology advances remain
crucial for the successful resolution of many of our present environmental problems.
One technology issue concerns whether environmental technology should be
driven by market or regulatory forces. Some argue that when technology is driven by
regulatory forces, innovative technologieq are slighted. This view claims that the
incentive is to develop technology that only meets the bare minimum regulatory
standards, especially when the technology itself - not just the cleanup standards it must
meet - is highly regulated. As a consequence, few incentives exist to develop innovative
technologies that may exceed such standards. Therefore, regulatory forces essentially
drive the development of technology. As an alternative, these same individuals propose
to set cleanup standards and then let the market determine which technology most
efficiently meets the needs of its customers. The questionnaire results show that the
domestic and foreign firms believe strongly that current environmental technology is
driven primarily by regulation. If we accept the position above, the natural conclusion is
that innovative technologies in the environmental market are not highly rewarded.
When asked directly whether innovative technologies are generally favored by
funding agencies in their countries, two-thirds of both the domestic and foreign
respondents answered "No". When these negative respondents were asked how much
emphasis should be placed on innovative technologies, essentially all (>95%) responded
that moderate to strong emphasis should be placed on innovative technologies.
The respondents indicated that current research and development of
environmental technology is ongoing in their countries and the governments of their
countries are playing an important role in funding this research. As might be expected,
the governments of the foreign countries are playing a more important role on average.
The firms generally feel that off-the-shelf technology is more important than developing
proprietary technology. In addition, the domestic respondents view potential liability as
a restriction to the development and use of new technology in the environmental market.
The foreign firms, on the other hand, do not view potential liability as much of a
restriction. This fits the general trend seen earlier where liability issues appear less
important to foreign firms than domestic firms.
The domestic and foreign firms share the opinion that while past technology has
mainly been corrective (i.e., developed to remedy previous environmental damage),
future technologies will be more preventive in nature (i.e., designed to prevent or
mitigate harmful environmental effects). The respondents also believe that slightly more
emphasis should be put on developing preventive technologies, although corrective
technologies will remain important. The domestic and foreign firms indicated strong
preferences for government promotion of environmental technology. When asked
whether their country's government should promote environmental technology in their
country, over 90% of the domestic and foreign firms answered "Yes". The domestic
firms prefer indirect promotion through incentive programs versus direct government
sponsorship. The foreign firms, while also preferring incentive programs, see a greater
role for direct sponsorship. Once again, such a difference likely results from country-to-
country differences in the Government's role in industry.
Industrial policy is alive and well in many foreign countries, despite the fact that
traditional American policy generally eschews this practice. As the United States
continues to lose its competitive edge to foreign countries, most of which actively
employ industrial policy, elected officials have more openly talked of establishing such
policies ourselves. Strong opposition remains to Government intervention in the free
market. But declines in competitiveness and loss of jobs to countries that employ such
tactics may ultimately lead to a more activist Government role in some industries. From
the above question, we see that the vast majority (94%) of domestic firms favor
Government promotion of environmental technology, though the preference is definitely
for indirect support through incentives rather than direct Government sponsorship.
The respondents were asked to indicate the competitiveness of environmental
technology from the United States, Europe, and Japan. The possible answers included
"Not Competitive", "Moderately Competitive", "Very Competitive", and "Don't Know".
Realizing that competitiveness is something of a relative term and not precisely defined, I
will not emphasize slight differences in answers here. However, both the domestic and
foreign firms gave American technology the highest percentage of "Very Competitive"
rankings. Both sets of respondents, especially the domestic firms, knew the least about
Japanese technology. European and Japanese technology received good reviews among
tniose firms familiar with their technology, but U.S. technology still ranked highest of the
three. American environmental technology is certainly more developed in areas such as
hazardous waste, where greater restrictions and regulations have demanded more cleanup
action than in foreign countries.
The respondents were asked to describe environmental technology development
in their own countries and worldwide on a five point scale that went from inadequate to
adequate. The domestic respondents tend to assess environmental technology
development in the United States as more adequate than not, although few actually went
so far as to describe it as "Adequate". The domestic firms did feel that on a worldwide
basis, environmental technology tends to be inadequately developed. The foreign firms
indicated quite strongly that environmental technology in their own countries and
worldwide tends toward the inadequate side, though their domestic technology
development got slightly higher marks.
Finally, the respondents were asked if the cost of environmental technology acts
as a barrier to entry in each of the eight market segments described in Chapter II. The
potential answers ranged on a five point scale from "Not a Barrier" to "Strong Barrier",
but also included "Don't Know" as a sixth response. The answers to this question are
well spread. However, several trends appear. The cost of environmental technology
creates the strongest barriers to entry in the Hazardous Waste segment. The Hazardous
Waste segment received 2.5 times more votes for "Strong Barrier" than any of the other
segments. The respondents are least familiar with the cost of environmental technology
used in the Petrochemical and Energy segments. This conclusion reflects the fact that
about one third of the respondents indicated answers of "Don't Know" when asked if the
cost of environmental technology served as a barrier to entry in the segments. Of those
familiar with the two segments, most view the cost of technology as a modest barrier to
entry. Likewise, the respondents generally view the cost of technology as a modest
barrier to entry into Pollution Abatement. The cost of technology seems much less of a
concern for the Water Supply, Sewer / Waste Water, and Environmental Assessment
fields.
This concludes the discussion of the supply side (construction industry)
perceptions of the environmental market. In Chapter IV, I will examine the responses of
the construction industry to the market. But first, the next section looks at the demand
side, or owner's perceptions of the market.
3.2.2. Owners of Constructed Facilities: The Demand Side
This section examines the environmental market from the owner's perspective.
Collectively, the owners comprise the demand side of the market. Their views are
presented here. Rather than simply reporting responses, I will focus also on the
distinctions between the owners responses and those of the constructors/designers in
Section 3.2.1. As in the previous section, the general characteristics of the respondents
are presented first. A discussion of their views of the environmental market then
follows.
General Characteristics of the Respondents
The owners that responded to the questionnaire are generally large and well
established firms. Over 80% of the firms formed before 1950 and 90% of the firms
employ more than 1,000 persons. The respondents were split evenly between private and
public owners. A few respondents reported secondary roles as suppliers, technology
vendors, and constructors. Only 14% of the respondents are subsidiaries of other
companies.
The owners participating in the questionnaire come from many diverse industries.
All segments of the environmental market are represented, but the Energy segment is the
most popular: approximately half of the respondents indicated "Major" or "Exclusive"
operation in the energy industry. The energy companies are predominantly electric
power utilities. The Petrochemical, Pollution Abatement, and Environmental
Assessment segments are also popular areas of activity. The owners are active in the
remaining segments (Water Supply, Sewer / Waste Water, Solid Waste, and Hazardous
Waste), but to a lesser extent.
All of the owners are American firms, but almost half of them have operations
overseas. Most of the firms operate predominately at the regional and national levels, but
the local and international markets are important as well. North American markets are
by far the most important. Limited operations extend to western Europe, Latin America,
the Mid-East, and the Far-East. Eastern Europe is the least popular market for the
owners; nearly three-quarters of the respondents reported no activity in this region.
Perspectives of The Environmental Market
A. Market Size, Location, and Type
In terms of dollar estimates, the owners view the environmental market much like
the construction firms in the previous section. In fact, based on statistical chi-square
comparisons 68 , no significant differences in opinion exist between the two groups. As
shown by the responses below, the owners also expect the environmental market to grow.
When asked directly,
i. "in your country today?"
ii. "in your country in 2000?"
iii. "worldwide today?"
iv. "worldwide in 2000?"
6%
6%
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6%
33%
12%
12%
0%
17%
29%
18%
25%
11%
6%
12%
6%
33%
47%
53%
63%
*Figures report percentages of total respondents that gave a particular answer.
Table 3.2.5. Owner responses to question regarding environmental market size.
Notes: On average, 17 owners responded to each part.
Percentages rounded to nearest 1%.
90% of the owners stated that the environmental market will grow between now and the
year 2000. The remaining 10% picked the market to stabilize, but no one expected it to
shrink. Of those expecting market growth, all estimated moderate to very quick growth.
These views mirror those of the construction firms in Section 3.2.1. A comparison of
results appears in Figure 3.2.4.
68A chi-square test is a statistical method for analyzing comparisons of categorical data. To make the
comparison test, one starts with the general assumption that no difference exits between the groups
(called a null hypothesis). An example of a null hypothesis is: the % of girls that will choose ice cream
over pizza is the same as the % of boys that will choose ice cream over pizza. In general terms, the chi-
square test measures the probability that a given null hypothesis can be rejected as false. For each test, a
level of error is present. For example, p=.05 means that there is a 5 in 100 chance that the null
hypothesis will be rejected even though it is true. This error estimate is usually referred to as the degree
of certainty. P=.05 is commonly used as a reasonable level of certainty for most applications and I will
stick to this convention throughout the thesis unless otherwise noted. If the comparison fails the chi-
square test, the null hypothesis cannot be rejected for a given level of certainty (p); in other words, the
proposition that girls and boys prefer ice cream in the same proportions cannot be rejected. However, if
the comparison passes the chi-square test, we can reasonably be sure that girls and boys do not share the
same tastes in food! Note, however, that the chi-square test says nothing of the differences between the
groups; it only determines the likelihood that an actual difference exists between the groups that is not
explained away by statistical aberrations.
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Results show percentage of respondents who gave a particular answer.
75 Domestic Construction firms, 13 Foreign Construction firms, and 21 Owners answered question.
Figure 3.2.4. Comparison of views regarding the growth of the environmental market.
Relatively, the largest environmental markets are believed to be North America
and western Europe. The other listed markets - eastern Europe, Latin America, Far-East,
and Mid-East - are viewed as small to medium sized. The rankings of eastern Europe
once again displayed a mixture of opinion, indicating at least a growing interest in this
area. These results closely match the findings for the construction firms.
Over the next five years, the owners expect great opportunities for construction in
Solid Waste, Hazardous Waste, Energy, Pollution Abatement, and Environmental
Assessment. Opportunities in the Petrochemical, Water Supply, and Sewer / Waste
Water markets are seen as less certain. In contrast, the construction firms viewed the
prospects for the Water Supply and Sewer / Waste Water segments as strong. The
uncertainty expressed by the owners about these segments probably reflects their relative
lack of involvement in these areas, rather than a truly questionable future for both. With
pending legislation such as the new Clean Water Act, the direction of both markets could
significantly change. In all likelihood, such legislation will bring increased opportunity,
but this remains to be seen.
B. Regulatory and Legal Issues
The owners differ somewhat from the construction firms regarding their
assessment of current environmental regulation. Whereas the construction firms
generally believe that regulations are not excessive in most market segments (except for
Hazardous Waste), the owners view current regulation as more restricting. The owners
split votes between "Excessive" and "Not Excessive" for many of the segments where
construction firms clearly preferred the "Not Excessive" choice. Since owners are
frequently the target of environmental regulation, it is not surprising to find more of an
inclination for them to view the regulations as excessive. Regulation directed at
Hazardous Waste is mostly viewed as excessive, and this feeling also seems to hold for
the Pollution Abatement segment. The slight differences in opinion between the owners
and construction firms are not important here. Rather, three general observations are
important: (1) owners typically view environmental regulations as excessive more often
than construction firms; (2) as for the construction firms, the Hazardous Waste segment
received a much higher proportion of excessive votes; and (3) the owners view
regulations on Pollution Abatement as much more stringent than do the construction
firms.
The owners and construction firms do diverge regarding their opinions as to
whether the market should be driven by market or regulatory forces. Whereas the
construction firms sought more emphasis on regulatory forces, the owners definitely
prefer an emphasis on market forces. A graphical presentation of these results appears in
Figure 3.2.5.
Results show percentage of respondents who gave a particular answer.
Only domestic construction firms and owners are shown.
Figure 3.2.5. What forces should drive the environmental market: market versus regulatory.
'To what degree should the environmental market be driven by regulation versus market forces?"
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Figure 3.2.5 indicates an apparent difference between the domestic construction firms
and owners: the construction firms tend to favor regulation while the owners tend to
favor market forces. A chi-square test reveals a very high probability (>99%, i.e., p<.01)
that the two groups view this matter differently. For this test, I compared the
respondents from each group that preferred regulations versus those from each group that
favored market forces. The chi-square test indicates that differences between the owners
and construction firms (apart from statistical aberrations) very likely exist.
Earlier, I argued that construction firms probably favor regulation because
environmental problems are largely externalities. Without such regulation, the market
system would not account for the social benefits and costs that industry imposes on the
environment, and hence little demand for environmental services would arise. Therefore,
regulations play a significant role in creating the environmental services market for the
construction industry. The externality argument also neatly explains the position of the
owners. If no regulations existed, the owners would have to undertake much fewer
measures - and therefore take on much less cost - to protect the environment. Of course,
not all owners view the market this way. And in some cases, a particular firm may save
money by voluntarily taking actions to minimize the impact of its activity on the
environment (e.g., the firm could save money on disposal costs if it reduces its waste
generation). As a general observation, however, we see that the results of this
questionnaire indicate that owners prefer less regulation, while environmental service
firms (here construction firms) prefer more. This is a natural conclusion; regulation
typically involves additional cost for the regulated industry, but the same regulation
expands the market for environmental service firms.
The owners believe that new regulations should be based on incentive rather than
punitive measures. They see the federal government as the most important determinant
of future environmental regulations, followed by the state, and then by the local
governments. The owners also consider international environmental regulations to be
important. Without such international regulations, they very much favor comparable
regulations across neighboring countries. All of these views correspond to those
expressed by the construction firms on the same topics.
As for the construction firms, the owners indicated that future environmental
regulations will very likely lead to additional work for the construction industry.
However, they also believe that future regulations will result in greater restrictions on
construction. In fact, the owners feel that there is a greater probability of restrictions
than do the construction firms. Once again, a chi-square comparison test proves that a
difference in opinion likely exists (95%, p=.05). This is important, because owners
create demand for construction. They generally believe that greater restrictions are more
likely, indicating that demand for construction may be somewhat less than the
construction firms themselves (suppliers) expect.
The owners agree with the construction firms that potential liability from
environmental work is a significant hindrance to operating in the environmental market.
They also believe that lending companies, bonding companies, and particularly insurers
are more wary of the environmental market than other construction markets. The owners
differ from the construction firms regarding whether the Government should provide a
broad insurance plan that limits liability for environmental work. Whereas the
construction firms strongly favored such a plan, the owners split evenly for and against
the idea.
C. Technology Issues
According to the respondent owners, regulation primarily drives the development
of environmental technology. They claim that while research and development of
environmental technelogy is ongoing in their countries (all in U.S. for this case),
governments play a minor-to-modest role in funding this research and development.
Developing proprietary environmental technology - rather than using off-the-shelf
technology - appears slightly more important to the owners than for the construction
firms. This result is reasonable since most constructors and designers generally rely on
widely available off-the-shelf technology instead of developing their own. However, the
owners, which may have more specific needs and much larger research and development
departments, view proprietary technology as a better solution in a higher percentage of
cases. The owners indicated that potential liability has only moderately restricted the
development and use of new environmental technology. This view also contrasts with
that expressed by construction firms, where potential liability presents a more serious
restriction for the development and use of new environmental technology. These
different views of potential liability help to explain why owners are more likely than
construction firms to favor developing proprietary technology.
On the remaining technology issues, the owners generally concur with the
construction firms. According to their responses, past environmental technology was
directed more at corrective than preventive purposes, but future emphasis will be on
preventive measures. They view a proper balance which favors preventive technology
but retains a good proportion of corrective technology. The vast majority of owners
believe the government should promote the development of environmental technology,
primarily through incentives rather than direct sponsorship. As shown by Figure 3.2.6,
this view mirrors that expressed by the construction firms.
"Should the development of environmental technology be promoted by the government?"
010
1 A)
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Domestic Foreign Owners
Construction Firms Construction Firms
"If YES, how should the government promote technology -directly through sponsorship, or indirectly through incentives?"
Sponsorship Incentives
1 2 3 4 5
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Figure 3.2.6. Opinions on government promotion of environmental technology.
The figure clearly indicates that most of the participating firms favor government
promotion of environmental technology. Also, the firms generally prefer incentives
more than direct government sponsorship.
The owners rank American environmental technology ahead of European and
Japanese technology, but only about half of them are familiar with technology from
Europe or Japan. While they generally believe domestic (U.S.) development of
environmental technology to be less than adequate, they view worldwide technology
development even less favorably, more towards the inadequate than the adequate end of
the spectrum.
The owners indicated that the cost of environmental technology creates at least
modest barriers to entry in all of the market segments. However, they generally believe
that these cost barriers are higher for the Petrochemical, Energy, and particularly the
Hazardous Waste segments.
This concludes the presentation of the demand side perspectives of the
environmental market. Contrasted with the supply side perspectives of the previous
chapter, we see that the two sides hold similar views of the market. However, some
significant differences exist. A summary of important findings (from questionnaire
Section II: The Environmental Market) follows.
3.3. A Summary of Important Findings: The Environmental Market
From the previous section, we see that the questionnaire responses constitute a
large quantity of data. Many conclusions emerged from the analysis of the data.
However, several responses and apparent trends deserve repeating. I will summarize
several general findings in this section, including apparent differences between the
domestic and foreign construction firms, and differences between the construction firms
and owners.
Since only a small number of foreign firms participated in the survey (13), it is
difficult to contrast their responses with those of the domestic firms. Despite the smaller
number of foreign firms, a couple of general trends appeared. First, the domestic
construction firms displayed a much higher level of involvement in the "emergent" areas
of the environmental market such as hazardous waste, solid waste, pollution abatement,
and environmental assessment. The foreign firms relied more heavily on traditional
markets such as energy, and on markets outside of the environmental realm. Both the
domestic and foreign firms expect high levels of opportunity for the construction
industry in all segments of the environmental market in the near future. Therefore, due
to their higher level of experience in many (particularly the emergent) environmental
segments, it would seem that domestic construction firms are well placed to take
advantage of these markets at home and abroad.
Secondly, the foreign firms typically viewed potential liability as less of a
concern for operating in the environmental market. The domestic firms see potential
liability as a very significant hindrance to operating in the environmental market,
whereas the foreign firms see potential liability as significant, but not very significant.
Likewise, the domestic firms claim that lending companies, bonding companies, and
especially insurance companies view the environmental market much more warily than
other construction markets. On the other hand, the foreign firms claim that lending and
bonding companies view potential liability much the same as in other construction
markets. They agree that insurers are more wary of the environmental market, but less so
than their domestic counterparts. These observations reflect general differences in legal
and business environments from one country to the next, particularly between the United
States and other industrial countries. Domestic construction firms planning to enter
foreign markets must allow for these differences.
The participating firms predominately believe that the environmental market will
continue to grow quickly during this decade. Dollar estimates vary somewhat, but most
agree that the total worldwide environmental market will exceed $100 billion by the year
2000. As pointed out in Chapter II, attaching meaningful numbers to a broadly defined
environmental market is difficult. Once again, I stress the need to look beyond specific
figures. The important conclusions are: almost all respondents expect the environmental
market to grow rather quickly, and they typically predict total market value on the order
of $100 billion.
The domestic construction firms and owners do not typically view environmental
regulations as excessive. The one exception is for the Hazardous Waste segment, where
both groups tended to classify the regulation as "Excessive" rather than "Not Excessive".
On the other hand, foreign construction firms, in contrast to the domestic firms, do not
view regulation in the Hazardous Waste sector as excessive. On average, the owners
were more likely than construction firms (domestic and foreign) to classify regulations as
"Excessive". Perhaps more importantly, the construction firms expressed a preference
for regulation to drive the environmental market, but the owners preferred market over
regulatory forces. Since environmental effects are largely externalities in an open market
economy, this result is not unexpected. The result reflects an important aspect of the
environmental market: without environmental regulation, the environmental services
market would be much smaller. If society wants to limit harmful environmental effects
produced by industry, this finding also indirectly lends support to the notion that
regulation must play an important role.
The domestic and foreign construction firms, and the owners, predict a high
probability that future environmental regulations will create additional work for the
construction industry. However, the owners, more so than the construction firms, also
expect future environmental regulations to place greater restrictions on construction.
This discrepancy is significant because owners determine the demand for construction.
Since owners are more directly affected by such restrictions, they could well have a
better insight regarding the likelihood of future restrictions. The questionnaire findings
indicate that owners are expecting greater restrictions on construction. If their
expectations are correct, the construction industry may be caught slightly off-guard.
Finally, an overwhelming majority of respondents (94% of the domestic
construction firms, 92% of the foreign construction firms, and 86% of the owners)
believes that the governments of their respective countries should promote the
development of environmental technology. The respondents generally favor indirect
support through incentive programs over direct government sponsorship, but only about
20% of the respondents favor no direct support. This result implies that industry is
seeking government help in the development of environmental technology. Given the
American Government's espoused aversion to anything that resembles "industrial policy",
it is not clear that government support will be forthcoming in the United States. Of
course, political winds may change, especially in an election year. However, in foreign
countries where industrial policy plays a more important role, government support could
become a significant catalyst for environmental technology development. While the
United States currently holds a technology advantage in many environmental areas, this
advantage may slip away if other countries pour more resources (including government
resources) into environmental technology development.
This discussion concludes Chapter III. The next chapter explores the responses of
the owners and construction firms to the environmental market, including how firms
have adapted their business strategies for the market, and the impacts of increased
environmental awareness and responsibility on their business and construction. Chapter
IV also presents three emerging demand areas for the construction industry in the
environmental market.
Chapter IV: Construction Opportunities and Challenges in the
Environmental Market
In Chapter III, responses to the survey provided a basis for analyzing the
environmental market from the perspectives of construction firms and owners. This
chapter goes further by examining the responses of industry to the environmental market.
First, the business strategies of the firms are discussed; next, the effects of environmental
awareness and responsibility (on construction) are presented. Results from the survey
provide a basis for this analysis. Finally, the chapter concludes with a look at three
emerging demand areas in the environmental market.
4.1 Industry Response to the Environmental Market
This section draws from the questionnaire results of Section III: Response to
Environmental Market, which contained two parts: Part A. Business Strategies, and
Part B. Environmental Awareness and Responsibility. The respective results of the
survey appear below in Sections 4.1.1 and 4.1.2. Since Section III differed significantly
between the designer/constructor and owner questionnaires, there are fewer direct
comparisons between the groups. However, for similar questions, I will point out
contrasting views. The three groups - domestic construction firms, foreign construction
firms, and owners - are treated together in each of the following sections.
4.1.1. Business Strategies
In order to keep the results of the questionnaire distinct, this section presents the
responses of the construction firms first, and then presents the owners' responses.
The Construction Industry: The Supply Side
The domestic and foreign respondents indicated the importance of several
strategies used to acquire the capability to provide environmental services. A large
majority (about 70%) emphasized the establishment of in-house capability. Joint
ventures are also important, but to a slightly lesser degree. Joint venturing is particularly
attractive when firms want to operate internationally. Joint venturing with local
companies often provides better access to knowledge of local regulatory, business, and
cultural differences. Mergers and acquisitions play a smaller role for the respondents as a
means for providing environmental services.
Environmental work represents a much greater share of the domestic firms'
brsiness than it does for the foreign firms. However, the foreign firms expect
environmental markets to be more important to them in the next ten years. These
findings support earlier conclusions that on average, the domestic firms have more
experience in the environmental market than their foreign counterparts. At the same
time, foreign firms are moving to capitalize on the growing worldwide need for
environmental services. Figure 4.1.1 provides some evidence for these claims.
"At present, what percentage of your work is in the environmental market?"
0-20% 21-40% 41-60% 61-80% 81-100%
Percentage of work in environmental market.
"Compared to the present, how important will environmental markets be for your firm in the next 10 years?"
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Results show percentage of respondents who gave a particular answer.
69 Domestic Construction firms and 10 Foreign Construction firms answered the questions.
Figure 4.1.1. Importance of environmental work now and in the next ten years.
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For both the domestic and foreign firms, the primary reason for operating in the
environmental market is the size and growth potential of the market. Approximately
90% of the firms listed "market size and growth potential" as a factor that attracted them
to environmental work. In addition, the expected profitability from the market attracted
many of the firms. The domestic firms appeared more inclined to rank expected
profitability as a reason to operate in market, but expected profitability was also
important to the foreign firms. Most of the firms that entered the market due to a
perceived competitive advantage over their rivals indicated that differentiated service,
more than low cost, gave them an edge.
While 70% of the domestic firms expanded operations to include environmental
services, 100% of the foreign firms expanded to include these services. Since the foreign
respondents are all very large, well established companies, this result comes as no
surprise. However, a rather high percentage of domestic firms (30%) formed exclusively
to provide environmental services. This result probably reflects the generally more
mature and specialized environmental markets in the United States, particularly in
emergent areas such as hazardous waste.
The domestic firms grew quickly in the environmental area over the past five
years, both in terms of employees and revenue. Almost half of the domestic firms
reported growth in "environmentally related" employees and revenue in excess of 20%
over the past five years, with many firms (about 20%) reporting growth over 40%. In
contrast, half of the foreign firms reported growth in the environmental area between
10% to 30%, and no firms reported growth in excess of 40%. The higher domestic
growth rates are undoubtedly influenced by quickly growing, upstart companies. But the
growth rates also reflect a surge in U.S. demand for environmental services over the past
five years. These very high growth rates will certainly settle down as the markets
mature, but they will likely remain strong in the near future.
The questionnaire contained several questions directed at those firms which do
not currently operate in the environmental market. Since most of the firms do operate in
the market, few firms responded to these questions. However, thirteen domestic and
three foreign firms indicated no current activity in the environmental market. Seven of
the ten domestic firms had considered entering the environmental market but then chose
not to enter. The primary reasons for not entering were potential liability, high cost of
insurance, and difficulty in obtaining bonding. Furthermore, most of the domestic firms
had no current or foreseeable plans to provide environmental services, and only one
foreign firm planned to provide such services. Most of the firms use environmental
services provided by outside suppliers, and they ranked these services as moderately
important for their businesses. While environmental markets are currently attracting
more and more construction firms, some (around 15% in this survey) have chosen to stay
out and express no desire to enter in the future.
Owners of Constructed Facilities: The Demand Side
The owners that responded to the questionnaire covered the entire range of
environmental work: for example, some were active in the petrochemical industry,
others in the solid waste business. Each segment of the market was likewise represented.
The most popular segments were Energy and Pollution Abatement, with half or more of
the respondents claiming to have operated in these segments for more than ten years.
Table 4.1.1 shows the expected importance of the environmental segments for the
owners in the next 10 years.
q4.'oHazardous Waste
Solid Waste
Sewer / Waste Water
Water Supply
Pollution Abatement
Environmental Assessment
Energy
Petrochemicals
0%
0%
6%
0%
6%
0%
24%
5%
11%
6%
0%
0%
0%
6%
26%
33%
53%
26%
28%
29%
47%
37%
33%
12%
32%
28%
18%
12%
32%
22%
24%
42%
39%
53%
12%
Notes: Figures report percentages of total respondents that gave a particular answer.
17 owners responded to each part. Percentages rounded to nearest 1%.
Table 4.1.1. Importance of environmental szgments for owners in the i~ext ten years.
From the table, we see that Energy, Hazardous Waste, and Pollution Abatement will be
more important. Environmental Assessment and Solid Waste are also expected to be
more important. Sewer / Waste Water is predicted to be slightly more important, but
Water Supply and Petrochemicals are expected to remain about the same. With the
recent attention given to hazardous waste cleanup, it is no surprise that firms expect
hazardous waste to become even more important in the future. Energy will obviously
remain a primary concern of most firms. Moreover, air pollution regulation under the
Clean Air Act will certainly contribute to pollution abatement initiatives.
The owners strongly believe that environmental regulations and concerns
significantly shaped the direction of their industries in recent years. When asked if
environmental regulations and concerns shaped the direction of their industries, all of the
owners answered "Moderately" (23%), "Significantly" (45%), or "Very Significantly"
(32%); none answered "Not at all" or "Slightly". This result supports the popular view
that industry faced (and still faces) an "environmental revolution" of sorts in recent times.
Although the effects varied from one industry to the next, one is hard pressed to think of
U0% Z/111 ZUo0
industries that truly escaped the effects of this increased environmental regulation and
concern. The owners generally believe that their production or process activities were
affected most by environmental regulation and concern. The firms claim that resource
and material input also felt significant effects. The distribution, marketing, and service
activities were also affected, but to a lesser degree.
The owners were asked to indicate what facilities, if any, they expect to need due
to environmental regulations and concerns. Table 4.1.2 presents the results of this
question. As indicated in the table, most owners expect needs for all of these facilities.
The question did not address the degree of need for the facilities, but a patent conclusion
emerged: owners expect some need for new facilities in all these areas due to
environmental regulations and concerns, which is quite different from normal
replacement due to wear and tear.
a. New or modified production / process facilities 80%
b. Energy supply facilities
c. Air pollution abatement facilities
d. treatment or containment facilities for:
solid waste
waste water
hazardous waste
e. waste reduction facilities for:
solid waste
waste water
hazardous waste
Notes: Figures report percentages of total respondents answered affirmatively.
20 owners responded to one or more parts. Percentages rounded to nearest 1%.
Table 4.1.2. Facilities needed due to environmental regulations and concerns.
85%
85%
70%
75%
85%
75%
60%
75%
Essentially all (95%) of the owners think recent environmental regulations and
awareness increased the need for environmental services in their industries. Likewise,
they expect an increased need for environmental services between now and 2000; none of
the owners expects a reduced need for environmental services. In order to secure such
services, the owners rely heavily on outside suppliers and on establishing in-house
capability. Mergers and acquisitions, as well as joint ventures, are much less important
for acquiring environmental services. All of the owners (100%) use environmental
services provided by outside suppliers, and they typically see these services as
"Important" or "Very Important" for their business. About twenty percent of the owners
considered establishing environmental services in-house but subsequently chose not to
do so. These owners listed potential liability, and high cost of technology and
equipment, as the primary reasons for choosing not to provide environmental services
themselves.
Summary
This section provided a look at the response of the construction firms and owners
to the environmental market. I explored how the firms obtain environmental services
and how important these services are to them; which environmental segments will be
important in the future and what facilities may be needed; and why and why haven't
firms decided to provide environmental services themselves. Heretofore, the focus has
been on how the firms view the environmental market from an economic perspective.
Typical issues included: the environmental services construction firms provide (supply
side) versus the services needed by owners (demand side); the market sizes in the various
environmental areas; and where the environmental market is headed in the near future.
The next section diverges slightly to address a less tangible issue: the environmental
ethos of the construction industry, or put simply, the degree to which construction firms
are (or should be) promoting themselves as "green" firms.
4.1.2. Environmental Awareness and Responsibility
Environmental awareness and responsibility have increasingly gained worldwide
attention in recent years. This environmental movement has resulted in greater scrutiny
of many human activities and their impacts on our environment. As the industry which
designs and constructs the built environment, the construction industry seems particularly
prone to scrutiny of its actions. Construction necessarily involves changing the
environment in which we live and work. Will construction firms strive to become
"green" companies? How important is it for these companies to be perceived as "friends
of the environment"? In this section, I hope to assess the implications of increased
environmental awareness and responsibility on the construction industry. The basis for
this discussion comes from responses to Section II: Part B of the questionnaire. I will
proceed as before, presenting the responses of the construction firms before those of the
owners.
The Construction Industry: The Supply Side
The domestic and foreign construction firms indicated that, in general, the
construction industry is "Moderately Concerned" with the environmental impact of its
activities. However, more firms leaned towards the "Very Concerned" end of the
spectrum versus the "Not Concerned" side. The industry appears somewhat, though not
greatly, concerned about its impact on the environment. The firms also believe the
construction industry has received a moderate amount of public scrutiny regarding the
environmental impact of its activities. In response, the firms have moderately altered
operations due to environmental concerns. As shown in Figure 4.1.2, well over 90% of
the respondents believe the construction industry is likely to be increasingly scrutinized
with regards to its impacts on the environment. In all of the issues above, the domestic
and foreign firms agreed on average; however, the responses of the domestic firms
implied a slightly greater impact of these issues. For example, the domestic firms were
more likely to claim that the construction industry was "Very Concerned" about its
environmental impacts, believe the construction industry has received "Much Scrutiny"
of its actions, and "Heavily Altered" its practices due to environmental concerns. This
slight divergence supports earlier assertions that, broadly speaking, environmental
regulations and concerns are more widespread in the United States. However, further
analysis indicates this fact may change.
Results show percentage of respondents who gave a particular answer.
78 Domestic Construction firms and 13 Foreign Construction firms answered the questions.
Figure 4.1.2. Scrutiny of construction activities and the environment.
The domestic and foreign firms agree that in the future more public scrutiny and
self-scrutiny will be directed at the construction industry regarding the environmental
impacts of its activities. However, the foreign firms were more inclined to believe
"Much More" scrutiny will be directed at them. Perhaps this difference reflects a
growing concern for the environment in the foreign countries -- a concern which
previously lagged behind that of the United States.
The domestic and foreign firms think it is important for the construction industry
to be environmentally responsible for the purpose of obtaining work and for public
relations. But they indicated that environmental responsibility is more important for
public relations than for obtaining work. Domestic firms tend to believe more strongly
(than foreign firms) that environmental responsibility plays an important role for both
objectives. If foreign environmental concern is growing, the foreign firms may find
environmental responsibility equally important in the near future.
The firms were asked to indicate their level of agreement with the following
statement:
"Engineering, design, and construction firms should actively try to
promote themselves as stewards and protectors of the environment."
The respondents overwhelmingly agreed with this statement, but 62% of the foreign
firms "Strongly Agreed", whereas only 36% of the domestic firms "Strongly Agreed".
The firms were also asked whether construction firms will be able to create a
significant market for themselves as "green" firms. In other words, will construction
firms that demonstrate a commitment to environmental awareness and responsibility
realize a competitive advantage over those construction firms which do not express
similar environmental concerns? Two-thirds (66%) of the domestic firms responded
"Yes", but over ninety percent (91%) of the foreign firms answered affirmatively. A
statistical chi-square test indicates a greater than 95% chance (p<0.05) that a difference
in opinion exists between these groups. Thus, it is highly likely that foreign firms, when
compared to domestic firms, generally expect a greater advantage to portraying
themselves as "green" companies. Even more interesting are the owners' responses.
Figure 4.1.4, which appears in the next sub-section, shows the comprehensive results of
this question. Of those construction firms answering affirmatively to this question, most
believe this "green" image will be moderately-to-very important for public and private
construction contracts.
The domestic and foreign firms agree that new construction projects have been
"Moderately Restricted" in recent years due to environmental concerns. No firms
answered "Not Restricted" to this question, and only a few (15%) believe projects have
been "Very Restricted". Figure 4.1.3 shows that approximately three-quarters of the
foreign and domestic respondents think future construction projects will be "More
Restricted"; the remaining respondents believe such restrictions will be the "Same".
None of the respondents think projects will be "Less Restricted". Moreover, those firms
expecting additional restrictions also believe there will be quite a few more.
"Compared to now, how willfuture construction projects be restricted
due to environmental concerns?"
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Results show percentage of respondents who gave a particular answer.
76 Domestic Construction firms and 13 Foreign Construction firms answered the questions.
Figure 4.1.3. Future environmental restrictions and construction.
100
More Restricted
50%
-
.
,
-4--
Finally, the firms were asked to indicate their level of agreement with the
following statements:
"Construction companies should decline to bid or undertake a project
which - according to widespread public and scientific opinion - is believed
to be detrimental to the environment."
and
"The construction industry will not suffer as a consequence of increased
public pressure due to environmental concerns of its actions."
The domestic firms were pretty well split on these two questions. Approximately 60%
agreed with the first statement and 64% disagreed with the second. On the other hand,
75% of the foreign firms agreed with the first, but almost 75% agreed with the second.
From these responses, it is clear that some firms believe projects should be avoided due
to their environmental consequences. However, saying so and doing so are quite
different. It is not clear if these companies would in fact decline to bid on such a project
if they really needed the work. The first statement, more than most, probably evoked
"politically correct" responses rather than true opinions. However, there certainly
appears to be some level of agreement with the statement, even though the percentages
reported may be artificially high. Results from the second statement show different
views between the foreign and domestic firms. The domestic firms marginally favor the
belief that the construction industry will suffer due to increased public pressure regarding
the environmental impacts of its activities; the foreign firms apparently do not agree.
Owners of Constructed Facilities: The Demand Side
The owners indicated that in general, owners of constructed facilities are
moderately-to-very concerned about the impact of their construction activities on the
environment. The firms also think owners have received quite a lot of scrutiny regarding
101
their construction projects, and that construction projects have been significantly altered
due to environmental concerns. The vast majority of owners (about 70%) view
environmental responsibility as "Very Important" for selling products and services, and
for public relations. Quite naturally, the firms stressed the importance of environmental
responsibility for public relations. The owners definitely tended to rank environmental
responsibility as more important than the construction firms. Such a result seems
plausible. After all, the owners of constructed facilities are directly responsible for
construction decisions. If there is public opposition to a proposed project (or business
activity) the owner will here about it first; the owner faces the direct consequences of
such opposition, which may lead to reduced demand for its product or service.
Therefore, owners are more acutely aware of the potential effects of environmental
responsibility on their business.
Like the construction firms, owners expect more public and self-scrutiny in the
future regarding the environmental impacts of their construction activities. Essentially
none of the respondents think this scrutiny will be "Less", the "Same", or a "Little More".
In fact, most firms expect "More" scrutiny while some expect "Much More". All of the
owners agree that "owners of constructed facilities should actively try to promote
themselves as stewards and protectors of the environment". Half of them "Agree" and
the other half "Strongly Agree" with the statement. Once again, this stands in contrast
with the responses of the construction firms. Most construction firms agreed that
construction firms should act as stewards and protectors of the environment, but a
significant number disagreed (about 20%). In addition, a smaller proportion of
construction firms "Strongly Agree" (36%). Here again, we see that owners are more
sensitive to their environmental image than construction firms. This fact likely reflects
the owners' greater reliance on such an image to sell their product or service. Put more
properly, the owners think that a negative environmental image would have more
damaging consequences on the sale of their products and services.
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The owners were asked if construction firms would be able to create a significant
market for themselves as "green" firms; 91% answered "Yes". This response stands in
contrast to that of the domestic construction firms, but matches that of the foreign
construction firms. A chi-square test indicates a very high probability (about 98%, or
p < 0.02) that a difference of opinion exists between the owners and the domestic
construction firms. Essentially all of the owners are domestic firms, so this comparison
pits domestic supply versus domestic demand. Figure 4.1.4 shows the results of this
question for the domestic and foreign construction firms and the owners.
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"Will construction firms be able to create a significant market for themselves as 'green'firms?"
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*Results show percentage of respondents who gave a particular answer.
77 Domestic Construction firms, 11 Foreign Construction firms, and 22 Owners answered question.
Figure 4.1.4. Competitive advantage of "green" construction firms.
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This difference between domestic construction firms and owners represents an important
finding. Owners, who drive the demand for construction, feel more strongly than
construction firms that greater market opportunities exist for construction firms with
green images. While a significant portion (66%) of domestic construction firms agree,
proportionately more owners and foreign construction firms believe this claim. This
finding strongly suggests that environmentally responsible construction firms could
create a competitive advantage over other firms. In a subsequent question, an
overwhelming majority (95%) of the owners said that they would be more likely to hire a
construction firm that has an established record of commitment to the environment
versus one that does not (the firms were presumed to be comparable in other regards).
The owners feel that in recent years construction projects have been somewhat
restricted due to environmental concerns. Their answers ranged from "Moderately
Restricted" to "Very Restricted", with each receiving about the same proportion. They
also believe future construction projects will be restricted much the same as today,
although some of the firms expect more restrictions. None of the owners expects fewer
restrictions on future construction.
Summary
This section concludes the presentation of survey results. The next section
explores some of the emerging demands for construction in the environmental market.
The discussion will draw on the survey, past and present research at the Center for
Construction Research and Education at MIT, and several other sources.
105
4.2 Three Emerging Demand Areas
So far, I have outlined the environmental market, analyzed the market from the
perspectives of the construction industry and owners, and presented the responses of
these firms to the market. This section identifies several key environmental areas of
concern and comments on potential opportunities and challenges for the construction
industry in these areas. The survey findings, and other research at MIT, provide the
means for identifying these opportunities and challenges.
Three of today's most important areas of environmental concern include:
hazardous waste, solid waste, and energy -- particularly energy production and
cunsumption that generate air borne pollutants such as sulfur dioxide (SO2), nitrogen
oxide (NOx), and carbon dioxide (CO2). These are not the only areas of environmental
concern, but they are three of the largest. In addition, these three areas offer new and
growing potential opportunities for construction. There will certainly be continued
opportunities in traditional construction markets such as sewer / waste water. But here I
want to focus on potential construction markets that are relatively new - in other words,
markets that previously did not exist or received little attention from the construction
industry.
While the U.S. hazardous waste market got started in the early 1970s, only
recently have construction firms moved in to do actual cleanups. The U.S. hazardous
waste market is more mature than the foreign markets, but construction firms will likely
move into foreign markets as they develop. Hazardous waste cleanup represents a
construction market that simply did not exist previously. Hazardous waste existed, but
few people were concerned about how to dispose of it, much less how to clean
contaminated sites.
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On the other hand, solid waste has been around a long time. As population and
industrialization have grown, so has solid waste generation. Due to legal siting
restrictions and public opposition to landfills and incinerators, we are now faced with
fewer places to put the stuff. Solid waste does not garner attention grabbing headlines
like hazardous waste and global warming, but it represents a far more widespread and
tangible problem. All of the preferred methods of solid waste management potentially
involve construction. However, it remains to be seen what role each method will play in
future efforts to manage solid waste.
Energy represents a traditional construction market, but new efforts to slow
global warming could redirect this industry significantly, consequently opening up new
markets for the construction industry. Of the three areas - hazardous waste, solid waste,
and energy - the effects of global warming from energy production and consumption are
the most uncertain. However, such global effects would be far more widespread. A
great deal of uncertainty surrounds this issue; therefore, related construction
opportunities are also uncertain. Despite these uncertainties, actions will likely be taken
to curb global warming in the near future (a caveat: these actions may vary widely from
one country to the next). The extent of these actions will largely determine construction
opportunities related to global warming.
Thus, in terms of new construction opportunities, the environmental market
appears to be emerging around three central areas: hazardous waste, solid waste, and
energy. These areas are central elements in the growing environmental field, and much
of the environmental work in segments such as sewer / waste water, environmental
assessment, and pollution abatement centers around these three areas.
Hazardous Waste
The hazardous waste market grew very quickly in the United States during the
past two decades. The market continues to be driven by far-reaching regulations
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contained in acts such as RCRA and CERCLA. Many construction firms have already
positioned themselves to take advantage of this market. At the same time, producers of
hazardous waste, including many owners, realize the need for proper management and
disposal. In the survey most domestic firms ranked hazardous waste as the primary area
of activity and concern. Likewise, the owners ranked it as their top concern. Current
estimates of the domestic hazardous waste market come in at about $15 billion
annually 69, but total expenditures over the next decade could reach into the hundreds of
billions. Annual growth rates for the total market are expected to be around 15%70.
In the near future, the U.S. hazardous waste market is expected to shift somewhat
from private party and EPA cleanups to DOD and DOE sites. Although the U.S.
hazardous waste market is rather mature, other regions of the world are starting to move
on the hazardous waste issue. For example, the European Community is currently
hammering out a plan to deal with its contaminated sites.
Three primary areas define the hazardous waste market: remediation services, end
of pipe hazardous waste management, and pro-active source reduction. Each of these
areas, which are summarized below, offers potential construction opportunities.
Remediation Services
Remediation services represent the most visible and rapidly growing area of the
hazardous waste market, and this area is comprised of 8 primary markets in the United
States: Federal EPA, State EPA, DOE, DOD, Private Party Cleanup, RCRA Corrective
Action, Real Estate Development Cleanup, and Leaking Underground Storage Tanks
69
"The Industry Takes Shape", Environmental Business Journal, April 1991, p. 6 .
70Ibid.
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(LUSTs). Hoffman discusses each of these markets in some detail, but I summarize his
data in Table 4.2.1.71
Federal EPA * 1,246 sites on EPA National Priority List (NPL)
* 26,000 more on Hazardous Ranking System
* GAO estimates up to 368,000 for a comprehensive inventory
* average cost of $20-30 million for cleanups to date
* OTA estimates $500 billion will be needed over next 50 years to
clean EPA NPL sites
State EPA * 37 states had full fund and enforcement capabilities (1989)
* 7 states had lumited fund for emergencies
* collectively states identified 50,000 sites: 28,192 may require clean
up, and 6,169 are priorities
* $415 million available for state Superfund clean ups
DOE * in 1990, DOE identified 3,700 potential release sites and 5,000
"vicinity properties" that may be affected by DOE facilities
* 17 DOE facilities on EPA NPL
* $30 billion in DOE expenditures from 1991-1995, 35% on
remediation, 65% on waste management
* could need $150 billion total to clean all sites and bring facilities
into full environmental compliance by 2019
DOD * 14,401 sites which may need remediation
* 96 DOD sites on EPA NPL
* spent $600 million on clean ups in 1990, up to $1.1 billion in 1991
* complete restoration may cost $14 billion
Private Party Cleanup * accounted for 60% of 1989 response actions at NPL sites
* growing interest to expedite clean ups before EPA involvement
RCRA Corrective Action * initiates clean up of hazardous waste sites at operating facilities
* 5,700 sites currently regulated under RCRA
* estimated total cleanup costs range from $7-42 billion
Real Estate Development * Ml.ny states have developed laws that require environmental audits
when: a property is sold, business ownership changes, companies
merge, a company goes bankrupt, an industrial lease expires, or
business operations cease. These audits seek to identify
contamination or potential releases of contamination.
LUSTs * EPA estimates 20% of USTs may be leaking. These tanks include
2,000,000 petroleum tanks and 50,000 hazardous substance tanks.
Table 4.2.1. Breakdown of U.S. remediation markets.72
71For a more complete treatment of the hazardous waste market, see "The Hazardous Waste Remediation
Market: Innovative Technological Development and the Growing Involvement of the Construction
Industry", Andrew J. Hoffman, MIT Master's Thesis: Department of Civil Engineering, September,
1991.
72Ibid., pp. 44-47.
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Overall, the remediation business is expected to grow quickly in the near future.
The Environmental Business Journal estimates growth for remediation to be around 25%
for the next five years. At an increasing number of sites, Superfund is moving towards
actual cleanup and away from investigation and feasibility studies.
End-of-Pipe Hazardous Waste Management
Obviously, a need exists to avoid future creation of abandoned hazardous waste
sites. To address this need, RCRA now requires that companies implement effective
"cradle-to-grave" management practices for their hazardous waste. Most estimates place
the total annual hazardous waste generation in the U.S. at between 250 and 500 million
tons - or between one and two tons of hazardous waste per person.73 As shown in Table
4.2.2, the largest generators appear to be the chemical, metals, and petroleum industries
(data from 1983). 74
73Stavins et al. "Project 88 - Round II, Incentives for Action: Designing Market Based Environmental
Strategies" (Washington D.C., 1991) p.4 1.
74paul Portney, "Public Policies for Environmental Protection", Resources for the Future, Washington
D.C., 1990, p. 156.
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Estimated quantity Percentage of
Major Industry (000s metric tons) total
in 1983
Chemicals and Allied Products 127,245 47.9
Primary metals 47,704 18.0
Petroleum and coal products 31,358 11.8
Fabricated metal products 25,364 9.6
Rubber and plastic products 14,600 5.5
Miscellaneous manufacturing 5,614 2.1
Non electrical machinery 4,859 1.8
Transportation equipment 2,977 1.1
Motor freight transportation 2,160 0.8
Electrical and electronic machinery 1,929 0.7
Wood preserving 1,739 0.7
Drum reconditioners 45 negl.
Total 265,594 100.0
Table 4.2.2. Estimated national generation of industrial hazardous wastes.
A distinct market - separate from remediation - exists to store, transport, treat,
and/or dispose of hazardous wastes. Since much of hazardous waste is treated on site by
large quantity generators, the market for services is generally far less than total
expenditures on hazardous waste management. Booz Allen and Hamilton estimated the
market for hazardous waste management services at $12 billion in 1990, compared to $5
billion for remediation services.75 According to Environmental Business Journal , the
market for transportation, storage and disposal of hazardous waste will "grow slower
than that for remediation as generators continue to shift emphasis to source reduction,
resource recovery and on-site treatment. Small quantity generators (100 - 1000 kg per
month) presently (1990) provide a $1.5 billion market and will continue to demand more
services. Medical waste management offers a market of at least $1 billion and the
nuclear waste handling business is nearing $1 billion."76
75
"Corporate Spending Rises", ENR, June 3, 1991, p. 11.
76
"The Industry Takes Shape", Environmental Business Journal, April 1991, p. 6.
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Pro-Active Source Reduction
Faced with ever rising costs of hazardous waste management, companies are
trying to avoid creating hazardous waste in the first place. A waste management
hierarchy is beginning to develop for hazardous waste just as it has for solid waste:
source reduction first, recycling second, treatment third, and disposal as a last resort.
Pollution minimization is now receiving much more attention. Several voluntary
initiatives have been developed to promote pollution minimization, for example: the
EPA Industrial Toxics Program, better known as the 33-50 Program, under which 600
U.S. companies were asked to voluntary reduce pollution from 17 toxic chemicals by
33% for 1992 and by 50% for 1995; the Chemical Manufacturer's Association's
Responsible Care Program, which lists one of its guiding principles as pollution
prevention; and, the Valdez Principles, a voluntary corporate ethics code drafted by the
Coalition of Environmentally Responsible Economies (CERES), which covers a full
range of environmental issues, from the wise use of natural resources to damage
compensation.
In addition to voluntary programs, mandatory pollution minimization programs
are: gaining acceptance. While mandatory programs have not been developed at the
federal level, many states have very strong pollution prevention programs.
Massachusetts has perhaps the toughest law: a mandated goal to reduce the use of toxics
50% by 1997. Current EPA Administrator William Reilly believes that through
pollution minimization "companies can save on waste management, reduce the use of
raw materials, and minimize liability. And moreover, by taking this approach,
companies can help relieve themselves of regulatory burdens." 77 He goes on to say that
"companies practicing pollution prevention will reap untold benefits, not the least of
77"33-50: A New Way To Target Toxic Pollution Cuts By 1995", Chemical and Engineering News, July
8, 1991, p. 8.
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which is a more competitive position in global markets." 78 Firms are beginning to
realize that pollution minimization is cost effective. Although still early to quantify,
pollution minimization could develop into an attractive market for firms providing
technologies and services that minimize hazardous waste production.
In sum, the hazardous waste market presents the construction industry with very
viable opportunities. In the U.S., where the market is quite developed, many
construction firms are already entering the market. One could reasonably argue that of
all the emerging environmental areas, hazardous waste offers the most tangible and
quantifiable construction opportunities. However, several challenges remain. Liability
insurance and bonding requirements (particularly for public work) are more difficult for
contractors to obtain when operating in the hazardous waste business. In addition,
comprehensive and somewhat labyrinthine regulations complicate work in this field.
Solid Waste
Waste minimization and materials recovery will be important for cutting disposal
needs. But despite our best efforts, some waste - probably large amounts of it - will
continue to be generated. Incineration and landfilling currently offer the best disposal
methods. In fact, most engineers believe that solid waste disposal is not much of a
technological problem; incineration and landfilling meet the task. The difficulty comes
from siting these facilities.
Table 4.2.3 shows U.S. solid waste disposal by mode in 1988 and the projected
figures for 1995. Figure 4.2.1 summarizes this data graphically.
78
"Strategies For Reducing Pollution At The Source Are Gaining Ground", Chemical and Engineering
News, July 8, 1991, p. 9.
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Total Generation j 179.6 199.8 100.0 100.0
Recovery for Recycling 23.1 38.8 12.9 19.4
Recovery for Composting 0.5 9.5 0.2 4.8
Total Materials Recovered 23.6 48.3 13.1 24.2
Discards after Recovery 156.0 151.5 86.9 75.8
Combustion with Energy Recovery 24.5 45.0 13.6 22.5
Combustion without Energy Recovery 1.0 0.5 1.5 > 0.0
Total Combustion 25.5 45.5 14.2 22.8
Total Landfilled 130.5 106.0 72.7 53.1
Table 4.2.3. Solid waste disposal and recovery by mode in 1988 and projected for 1995. 79
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Figure 4.2.1. Solid waste disposal and recovery by mode in 1988 and projected for 1995.
79Franklin Associates, Ltd., Characterization of Municipal Solid Waste in the United States: 1990
Update, Report of the Municipal Solid Waste Task Force, Office of Solid Waste, Washington, D.C., June
1990.
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The table and figure highlight several trends in solid waste management in the
United States. Landfilling has traditionally been preferred because of its relative
simplicity and lower cost. The EPA estimates that about 73% of municipal solid waste
ended up in landfills in 1988. However, alternative forms of waste management have
become more popular in recent years. Several states have passed mandatory source
reduction, composting, or recycling laws - all of which accelerated the switch to
alternative waste management methods. The table and figure show the projected shift in
waste management methods between 1988 and 1995. Much larger amounts of solid
waste will be recovered in 1995, and of that not recovered, proportionately more waste
will be incinerated. Also note that energy recovery from incineration (combustion) is
expected to rise significantly. Whereas landfil!ing handled almost tbhee-quarters of the
solid waste generated in 1988, it is projected to handle only about half of the solid waste
in 1995. The number of operating landfills continues to fall as stricter and tougher
landfill regulations make it more difficult for older facilities to continue operating, while
siting of new landfills faces greater restrictions and public opposition.
Given these trends, what demands might arise for construction? In contrast to the
hazardous waste business, the demands for construction in solid waste are less
quantifiable. However, the following discussions offer potential construction demands in
each method of solid waste management.
Landfilling
Despite its growing unpopularity, landfilling can be a lucrative business in the
United States for privately run facilities; but entry into this market is very difficult due to
strict regulations. Costs of operation vary by location, but in many cases, tipping fees
probably far exceed cost. A recent study completed in Michigan estimated the
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magnitude of the average relative costs of new landfills in the United States.so The costs
reflected what an owner would pay for a modem, single liner landfill. Using these costs,
Taylor estimated a break even price of $11.20 per ton assuming 1000 tons per day, 320
working days a year, for 21 years, and an interest (discount) rate of 10%.81 This number
did not include insurance, taxes, bonding, corporate overhead, remediation,
contingencies, or profit. Most tipping fees for comparable landfills far exceed this
amount. For example, the tipping fee for 11 counties in New Jersey averages $66.00 per
ton.82 Obviously, significant profit potential exists for such facilities. It is important to
remember, however, that landfill costs vary widely depending on location, and that waste
transportation costs quickly add up.
Sanitary landfilling is a fairly straightforward construction operation. Put simply,
earth is excavated to form a indentation in which solid waste is placed, and successive
layers of waste are covered with dirt. This operation is often referred to as "cut and
cover". Modem landfills include containment systems to block leachate and associated
pollution that results from landfilling. In addition, methane and gaseous byproducts can
be recovered from waste decomposition. Unfortunately, the EPA estimates that about
90% of the waste landfilled in the U.S. ends up in landfills without such containment
systems. 83 The fact that few solid waste landfills control or collect these associated
wastes has been one of the strongest criticisms of landfilling.
Several factors discourage the use of landfills. The NIMBY (Not In My
Backyard) syndrome reflects general public opposition to siting landfills. Stricter
regulations have also made it more difficult to continue operating old landfills and site
80Walsh, James, "Sanitary Landfill Costs, Estimated", Waste Age, March, 1990, pp. 50-54.
81
"Solid Waste Management: Decision and Market Dilemmas", Henry F. Taylor, MIT Master's Thesis:
Department of Civil Engineering, February, 1992, p. 48.
82Schulman, Joel A., "New Jersey Solid Waste Crisis", Harvard Business School Case No. N9-792-003,
November 13, 1991, Exhibit 9.
83U.S. EPA, Report to Congress: Solid Waste Disposal in the United States (Vol. II), U.S. Government
Printing Office, Washington, D.C., October, 1988.
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new ones. Most people realize that indiscriminate dumping of mixed wastes is the most
environmentally unsatisfactory method of managing waste. In response, other means of
waste management are gaining popularity, thus taking away part of the waste stream
from landfills. Despite these negative aspects, landfilling will continue to an important
(perhaps dominant in the U.S.) part of an integrated waste management system. We
simply cannot recycle or burn all of the waste. While waste generation continues to
grow, landfill capacity is shrinking.
Obviously, landfill capacity needs to be expanded through expansion of existing
facilities or construction of new ones. New landfills will most likely require containment
and collection systems to control the waste byproducts of landfilling. Adequate
technology for such landfills exists, but construction methods are complicated somewhat.
After all, basic cut and cover is rather simple: dig a hole, fill it with trash, throw dirt on
it. Demand for new, "high-tech" landfills will certainly rise as capacity dwindles in the
United States. Of course, opposition to landfills could quell this demand, but it will not
extinguish it. Other countries with much less available land, like Japan, face greater
restrictions on the use of landfills. Construction companies will build many of these new
facilities, but large waste management firms may build their own. As previously
discussed, landfill operation can be a very lucrative business - particularly when a local
monopoly exists. If construction firms can get into the business of running landfills they
may benefit from the relatively high profit margins associated with the business.
However, in the United States, entrance into this market is severely restricted by
regulation and public opposition.
Incineration or Waste-to-Energy
Solid waste combustion with energy recovery is usually referred to as incineration
or waste-to-energy. According to EPA estimates in Table 3-3, essentially all solid waste
combustion will involve energy recovery by 1995. Therefore, I will simply refer to
waste combustion as incineration, and assume some energy is recovered in all cases.
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Historically, interest in energy production from solid waste usually increased as other
fuel sources (e.g., fossil fuels) became more expensive. In fact, during the 1970s high
energy prices made incineration cost competitive with landfilling in some cases.
Incineration facilities offer at least two additional, related advantages over
landfills: they can be located closer to population centers (if pollution is properly
controlled) and they take up much less real estate. In countries with space constraints
(e.g., Japan and many European countries), incineration plays a large role in the waste
management system. The Clean Air Act of 1970 required much more expensive
pollution control equipment for incineration facilities in the U.S., and subsequent clean
air laws continue to set stricter limits for emissions.
Incineration continues to be an increasingly important part of the solid waste
management throughout the world, and in the U.S. despite growing public opposition. In
the U.S., the same NIMBY syndrome and general public opposition exists for
incinerators as for landfills. Such opposition is not unfounded; potential disadvantages
include possible mobilization of chemical toxins and heavy metals, facility reliability
problems, rising costs, and reduced demand for recycling efforts.84 But incineration does
offer advantages, including energy production, waste volume reduction, and destruction
of some pathogens and toxins.85 Incineration faces much less opposition in other
countries. According to a recent article in Civil Engineering, there appears to be "little or
no opposition to incineration in France. This is true elsewhere in Europe; Switzerland
incinerates 80% of its waste, compared to 40% in France (27% with energy recovery,
13% without)."86
84
"Solid Waste Management: Decision and Market Dilemmas", Henry F. Taylor, MIT Master's Thesis:
Department of Civil Engineering, February, 1992, p. 50.85jbid.
86Fairweather, Virginia, "The Environment is Good Business in France", Civil Engineering, March 1992,
p. 67.
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Unlike the relatively simple technology of landfills, incinerators require high
technology design and construction. To build incinerators one must overcome high
capital and technological barriers to entry. The Clean Air Act and local emissions
legislation regulate incinerators, and pollution control equipment is one of the most
important and expensive parts of any facility. More incinerators are being proposed by
specialty construction firms who plan to finance, build, and operate the plants. But the
technological and capital risks can be formidable, therefore only large, well capitalized
firms with a lot of technical experience are likely to pull off such ventures. Since the
technology requirements are so high, perhaps the best way for construction firms to enter
this market would be to joint-venture with, or acquire, technology vendors. Like the
landfill business, incineration offers significant profit potential for those firms who can
successfull) enter the market. However, the recent story of Dravo Construction in
California serves as a poignant reminder. Dravo was forced out of business after a failed
attempt to enter the incineration business.
Recycling and Composting
Recycling and composting are gaining in popularity as desirable, and sometimes
cost-effective, methods for handling solid waste. Lawmakers, heeding popular demand,
have recently enacted various regulations designed to remove recyclables and
compostables from the waste stream. 87 However, both practices are often not cost-
effective. Admittedly, such cost calculations ignore hard to quantify items such as the
collective benefits (or costs) to the environment. For example, how does one weigh the
benefits versus the costs of recycling when a recycling plant uses fossil fuel for energy
and the original producer uses renewable energy? These are not readily answered
questions. Despite these drawbacks, recycling and composting offer significant benefits
and will certainly play larger roles for future waste management.
87
"How to throw things away", The Economist, April 13, 1991, pp. 17-22.
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The primary problem facing recycling is a lack of stable markets for recycled
goods. These markets may develop in the future if secondary materials become
acceptable resources for industry. One example is the aluminum industry, where Alcoa
plans to add only scrap (recovered materials) dependent facilities in the future. This
makes good sense in the aluminum industry where scrap dependent plants cost one-tenth
that of a conventional plant and can be built in about half the time. Where favorable
conditions such as this exist, there will be increased demand for recycling facilities.
Moreover, most trends indicate an increased use of recycling in the future. Those
construction firms able to build such facilities should find opportunities in this market.
Recycling facilities tend to be either highly mechanized or low-tech and labor intensive.
Currently in the U.S., each of these types captures about half of the market. The
mechanized facilities typically require higher capital investments, but have lower
operating costs, than the low-tech counterparts. As more sophisticated plants are built,
construction firms that have technical experience should have an edge, just like the case
of highly specialized incinerator technology.
Composting is the least common way of dealing with waste, as shown in
Table 3-3. However, composting is becoming more important since it complements the
waste management programs of many areas. The primary problem with composting
involves setting standards folr Lpes and quality of compost; for markets to reach full
potential, "compost must become a commodity that has standard and reliable integrity
and content."88 Any biodegradable substance is compostable; such substances include
yard wastes, food wastes, paper, and wood. According to Franklin Associates, such
substances make up 65% of the waste stream.89 Potential markets for compost exist in
88
"Solid Waste Management: Decision and Market Dilemmas", Henry F. Taylor, MIT Master's Thesis:
Department of Civil Engineering, February, 1992, p. 70.
89Franklin Associates, Characterization of Municipal Solid Waste in the United States: 1990 Update,
U.S. EPA, Washington, D.C., June 1990.
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the nursery and greenhouse industries where a large demand exists for organics to make
good quality soil. Compost plant costs vary greatly with location. An industry survey
found that capital costs for new facilities ranged from $5,000 to $83,300 per ton per day
of capacity, while operating costs ranged from $9 per ton to $85 per ton.90 As for
recycling facilities, construction opportunities should arise from demand for new
composting facilities. Such opportunities are perhaps difficult to measure in monetary
terms, but construction services will have to meet the apparent growing demand for
composting facilities.
Waste Minimization
As for the case of hazardous waste, the most ideal solution for solid waste
management involves waste minimization. It would seem that reduction of waste
benefits everyone. Producers save by cutting waste, thus reducing the cost of inputs into
the production process and the cost of waste disposal. Consumers benefit by paying
lower prices for more efficiently made products and disposal of trash. In addition, the
environment is better off since it must absorb less waste. Unfortunately, things aren't so
simple. Waste minimization is difficult to implement because the costs of waste disposal
are often negligible for individuals. Since trash collection is paid for out of local tax
revenues, we do not bear the direct cost for disposing of trash: for example, an individual
can throw out 1 bag or 15 bags of trash each week without noticing any increase in
disposal costs since we pay for these services collectively (as a municipality), not
individually. In addition, firms often shy away from adopting waste minimization
technologies because they involve immediate capital investments which may pay
dividends only in the long run. In effect, many firms are willing to sacrifice long term
efficiency to minimize negative impacts on short term profits.
90Goldstein, Nora and Robert Spencer, "Solid Waste Composting in the United States", BioCycle,
November 1990, pp. 46-50.
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Despite these difficulties of implementing waste minimization policies, the fact
remains that waste reduction is a smart business objective and environmentally
beneficial. Waste minimization can be tied directly to the concept of quality control, and
the Japanese have shown that "quality is not a more expensive, difficult, and time
consuming activity - on the contrary, it is a necessary competitive practice which returns
much more than it costs if consistently designed into the manufacturing process." 91
Many countries are already implementing waste-minimization policies, and future
demands for waste minimization will be high (e.g., see Hazardous Waste: Pro-Active
Source Reduction). Demands for construction related to waste minimization are perhaps
the most difficult to quantify of all the solid waste management opportunities. But to the
extent that construction firms can tap into this growing market, plenty of opportunities
should exist.
In sum, the solid waste market presents the construction industry with a wide
range of opportunities. In the U.S., the solid waste sector is the largest and most mature
segment of the environmental market ($31 billion in 1991) and should grow at a healthy
rate (projected 8%) over the next five years. 92 However, the solid waste industry is well
established and very difficult to enter in the United States. Solid waste management will
continue to be a primary environmental concern, especially since capacity to handle the
waste is not growing along with demand. This fact should result in tangible construction
opportunities, particularly those related to design and construction of landfills,
incinerators, recycling and composting plants, and waste minimization facilities.
91
"Waste Not Want Not", special advertising section, "Earth", Business Week, June 18, 1990, pp. 24-26.
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"The Industry Takes Shape", Environmental Business Journal, April, 1991, p. 6.
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Energy
The environmental effects of air borne pollutants range from local, as in the case
of smog, to global, as in the case of global warming. According to some, global
warming may be today's greatest environmental threat. Since much current debate
centers around the issue of global warming, I will comment on proposed actions that may
be taken to avoid such climate change, and the potential construction opportunities that
may result in an effort to prevent global warming. But the ultimate effects, and even
existence, of global warming are still hotly debated.
Carbon dioxide accounts for about half of all greenhouse gases in the atmosphere
and the United States currently produces 20% of the world's carbon dioxide output.
Although many industrialized countries, particularly in Europe, are calling for a freeze or
reduction in carbon dioxide emissions, the U.S. has so far resisted placing limits on
carbon dioxide - siting potential economic costs as the primary reason. The current
administration generally believes that the cost of reducing carbon dioxide could seriously
hamper the economy, perhaps costing tens of billions of dollars per year. However, a
counter argument is now emerging. As told in a recent New York Times article, "far from
being ruinously expensive, efforts to head off a feared global warming could actually
turn a profit in the long run, environmentalists, government analysts, and even some
business leaders and economists say."93 Advocates of such arguments believe reducing
emissions will force the economy to use energy more efficiently and at less cost in the
long run, would free up large amounts of capital for expansion, and would make
American firms more competitive internationally. However, other groups disagree,
siting studies of their own that conclude the reduction of carbon dioxide emissions will
be a net cost to the economy. As the Times points out, "competing studies consider
93
"New Studies Predict Profits in Heading Off Warming", The New York Times, March 17, 1992.
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different factors and operate on different assumptions, and no consensus on the net
economic effect of reducing carbon dioxide emissions has emerged."94
It now appears that the United States may be willing to take a two-step approach
to reducing carbon emissions. 95 Under such a plan, an initial pact would be signed by
participating nations to limit or stabilize emissions. Subsequently, the greenhouse-gas
targets could be adjusted every few years to reflect new data. When and if global
warming proves to be a big and imminent threat, a Draconian second step could be taken,
such as steep energy taxes to force conservation. 96 The treaty banning
chlorofluorocarbons (CFCs) serves as a two-step model. In 1987 the U.S. agreed to cut
the use of CFCs in half by the year 2000. Evidence of the ozone damaging effects of
CFCs relied purely on climate-model predictions at the time. However, as scientific
evidence mounted in favor of the ozone-depleting theory, the U.S. agreed to steeper cuts
and is now ready to eliminate CFCs by 1995. During this time, cost estimates for a CFC
phase-out "plummeted because companies developed replacements faster than
predicted." 97 Of course, a similar agreement on carbon dioxide emissions may not work
out so well. As of yet, no technology fix exists for eliminating carbon dioxide emissions.
Moreover, we may have to wait much longer to obtain sufficient proof that global
warming is an imminent threat. However, a two-step approach may be a reasonable
compromise at this time. The Bush Administration may offer a two-step proposal at this
summer's Earth Summit in Rio.
The Office of Technology Assessment (OTA) recently evaluated the potential for
reducing carbon dioxide emissions in the United States. The OTA estimates that carbon
94Ibid.
95
"In Rio, They're Eyeing Greenhouse Two-Step", The Wall Street Journal, Monday, April 20, 1992, p.
Al.
96Ibid.
97Ibid.
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dioxide emissions will rise by about 50% over the next 25 years if no action is taken. 98
For comparison, the OTA considered two potential efforts to reduce carbon dioxide
emissions: a "moderate" scenario under which emission in 2015 would be 15% higher
than in 1987, and a "tough" scenario where emissions would be 35% lower in 2015 than
in 1987. Under both the "moderate" and "tough" scenarios, the OTA calculated how
much carbon could be reduced from five economic sectors. The five sectors include
Buildings, Transportation, Manufacturing, Electricity Generation, and Forestry. For the
tough scenario, the total reduction would be roughly split among the five sectors as
follows: 30% from commercial and residential buildings, 25% from manufacturing,
between 15-20% each for transportation and electric utilities, and 10% from forestry.
Figure 4.2.2 graphically presents these estimates.
NEte: Interpret graph as follows: 30% of the total 35% cut in carbon emissions comes from the Buildings sector.
Figure 41.2. Percentage reductions in CO2 emissions (of total) from five economic sectors.
The total represents a 35% cut in CO 2 emissions by 2015 from 1987 level.
98
"The Road to Reduced Carbon Emissions", Issues in Science and Technology, Rosina Bierbaum and
Robert M. Friedman, Winter 1991-92, p. 58.
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OTA estimate of where cuts in carbon emissions would come from if the U.S.
reduced total annual carbon emissions 35%* by 2015. [* from 1987 level][* rol187leel
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The projected reductions under the moderate scenario are similarly split, except forestry
would play a reduced role. Three of these sectors - buildings, manufacturing, and
electrical utilities - may require significant construction investments to achieve the
proposed carbon emission reductions.
The Buildings sector offers the greatest potential for carbon reduction, but it is
also the most difficult to tap. The OTA concluded that the building sector "encompasses
a multitude of areas where the amount of energy consumed - and thus the amount of
carbon released - can be lowered. Such areas range from design and construction to
furnishings such as lights and appliances." 99 For new buildings, the OTA says
opportunities for carbon reduction come from better insulation, tighter windows, and
improved construction methods that could lower heating and cooling needs. In addition,
they claim that although retro-fitting existing buildings offers smaller opportunities for
carbon reduction, steps could be taken to improve energy efficiency. For example, better
heating/cooling systems and appliances could be installed. In the building sector,
policies directed at bringing about such changes present more of a challenge than
technological fixes themselves. The OTA recommends policies directed at: allowing
profitable demand side management by utilities; technology specific regulations such as
appliance standards and energy codes for buildings; and, providing better consumer
information, which has traditionally been a key barrier to greater energy conservation in
the building sector.
The OTA lists three technical improvements that hold the most promise for
reducing carbon emissions in the Manufacturing sector. These improvements include:
"process changes" that better energy efficiency; cogeneration of electricity and steam for
industrial processes (which would improve efficiency of fossil fuel); and, more efficient
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motors. Carbon taxes, marketable permits, and efficiency standards are potential policy
instruments for bringing about such improvements. The top four consumers of energy in
manufacturing are paper, chemicals, petroleum, and primary metals. These four account
for 75% of the energy consumed in the manufacturing sector.100
Electricity generation accounts for about a third of the carbon emissions in the
United States, and the OTA predicts this share may increase to 45% by 2015 if we do
nothing. They site two moderate measures to reduce these emissions: (1) increasing the
improved efficiency of fossil-fuel-fired plants through improved maintenance, and (2)
operating existing nuclear power plants 70% of the time instead of the current 60%,
while also extending their useful lives from 35 to 40 years. Tough measures would
focus on shifting demand for energy away from coal. Such measures would require all
new plants to use renewable energy sources, improved nuclear designs, or high-
efficiency gas turbines. In addition, fossil-fueled-plants would be retired after 40 years
instead of the typical 60 years of operation. If all the strict measures were undertaken,
the OTA estimates that carbon emissions could be cut 14% (of current total) by 2015.
Potential policies for effecting these changes include: carbon taxes or marketable
permits; emissions limits and efficiency standards; and, federal funding for research,
development, and demonstration projects of renewable energy, conservation, and nuclear
energy.
The MIT Energy Laboratory conducted a study of the New England Electric
Power System. The study, entitled the New England Project: Analyzing Regional
Electricity Alternatives (henceforth referred to as the New England Project), produced
some very important findings. While these findings cannot be automatically applied to
other regions of the U.S. and the world, some important lessons emerged from this study.
The New England Project plotted total cost of services against SO2, NOx, and
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CO 2 emissions for various supply technologies. They found that new generating
technology can reduce these three important environmental emissions with very small
changes in cost of electrical service. 10' Fuel costs are the dominant factor in operating
costs. Thus, the new plants reduce emissions (even of CO2) per unit of energy and cost
less per unit of energy to operate because of lower fuel needs. In fact, the cost savings
often offset the increased capital charges of the new plants.102 Combining demand side
management with more efficient supply side technology increases the probability of
simultaneously cutting emissions and costs. As Professor David White concludes, "the
most effective strategy is one which both reduces energy demand and the generating
system's environmental characteristics."'103
Table 4.2.4 shows that fossil fuels are used to produce approximately two-thirds
of the world's electricity. Therefore, reducing CO 2 emissions will require substantial
changes to the existing electricity generating system.
101
"Global Environment and the Electrical Power Industry: A Period of Conflict, Growth, New Supply,
and End Use Technology", Professor David C. White, Department of Electrical Engineering and
Computer Science, Massachusetts Institute of Technology, 1991, p. 13.
102bid.
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World Electricity Production 1986 (109 Kwhv)
Region Thermal* Hydro Nuclear Geothermal Total
N. America 2,059 642 485 15 3,202
S. America 83 281 6 -- 370
Europe 2,621 664 832 6 4,128
Africa 181 49 4 0.3 234
Mid East 170 22 -- 0.04 191
Far East 1,115 326 229 6 1,676
Oceania 120 39 -- 2 161
World Total 6,349 2,027 1,556 30 9,962
% 63.7% 20.3% 15.6% 0.3% 100%
*e.g., coal, petroleum, natural gas
U.S. Electricity by Fuel (1987)
Coal Petroleum Natural Gas Nuclear Hydro Geothermal
56.9% 4.6% 10.6% 17.7% 9.7% 0.5%
Table 4.2.4. World electricity production 1986, and U.S. electricity by fuel 1987.104*
Efforts to curb emissions of carbon dioxide and other greenhouse gases would
certainly involve major construction. For example, many electrical power plants that use
fossil fuels may need retro-fitting, or perhaps new electric plants would have to be built.
Currently, essentially all non-carbon generating sources of energy (hydro, nuclear, solar,
wind, geothermal, photovoltaic) are used to produce electricity. Thus, a move from
carbon to non-carbon based energy almost certainly means more electricity use, and
hence a need for more electricity generating capacity. Unfortunately, current non-carbon
based generating technologies are more capital intensive than fossil fuel alternatives, but
lower costs for primary energy inputs help offset the higher capital costs. As shown in
104
"Future Effect and Contribution of Photovoltaic Electricity on Utilities and the Environment", by
Ghaze Darkazalli, Energy and the Environment in the 21st Century, MIT Press 1990.
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the New England Project, the savings from operating costs may exceed the added capital
costs, thus resulting in lower total cost for electric power.105
Professor White concludes, "as policy actions for environmentally clean
electricity supply occur, the need for new technology to replace old generating plants and
to meet new electric load will lead to an expanding market for the construction industry.
The availability of new technology to replace old electric generating equipment, and to
meet new demand in both the developed and developing world, should lead to significant
growth in the construction of new electric facilities worldwide." 1°6
105
"Global Environment and the Electrical Power Industry: A Period of Conflict, Growth, New Supply,
and End Use Technology", Professor David C. White, Department of Electrical Engineering and
Computer Science, Massachusetts Institute of Technology, 1991, p. 18.
106Ibid., p. 19 and p. 23.
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Chapter V: Conclusions
This final chapter reiterates significant aspects of the environmental market,
summarizes the important findings of the survey, and summarizes the emergent
environmental demands for construction. The grounds for these conclusions appear in
Chapters II, III, and IV.
Summary of Environmental Market Characteristics
By all accounts, the environmental market represents a very large market in dollar
terms. The U.S. market currently stands around $150 billion and will likely rise to $200
billion by the year 2000. Observers expect strong growth rates in most environmental
segments, but hazardous waste, air pollution control, and environmental assessment lead
the pack with annual growth rates of about 15%. Solid waste represents the largest
segment of the U.S. environmental market with revenues around $30 billion. The
hazardous waste, environmental assessment, and sewer I waste water segments are also
large, each posting revenues at about $15 billion.
The United States, Japan, Canada, and western European nations spent the most
on pollution abatement and control in the 1980s. But other nations, particularly on the
Pacific Rim, have committed substantial resources to environmental spending.
The European Community (as a whole) will probably spend total amounts similar
to those in the U.S. by 2000. However, the spending mix will differ somewhat. Waste
management currently dominates EC environmental spending, followed by
water/wastewater treatment, air pollution control, and contaminated land remediation.
While contaminated land remediation is by far the smallest of these markets, it is
expected to grow much faster during the next several years than the other segments.
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According to Ecotec (a British consulting firm), growth in the other segments will be
highest for water/wastewater treatment, followed by air pollution control and waste
management. However, Helmut Kaiser (a German firm) expects much slower growth for
water purification and sewage treatment.
In the Pacific Rim, Taiwan offers the most promising market at present. The
EPA of Taiwan estimates $37 billion in environmental expenditures between 1991 and
1997. Moreover, the Association of Southeast Asian Nations (ASEAN) claims that
environmental expenditures doubled in practically all of its member countries during
recent years. Singapore and Malaysia represent two of the more attractive markets.
Unfortunately, the Japanese market remains essentially closed to outsiders.
Environmental legislation still drives the market, particularly in the United States.
In the U.S., some of the more important pieces of legislation include: RCRA and
CERCLA (hazardous waste), the Clean Air Act and subsequent revisions, and the Clean
Water Act and its revisions. Many observers view the Clean Air Act reauthorization in
1990 as the most influential piece of legislation in recent years. The Clean Water Act
and RCRA are up for renewal, but may receive little attention in an election year.
CERCLA is scheduled for re-authorization next year.
Summary of Environmental Market Survey Findings
The domestic construction firms displayed a much higher level of involvement in
the "emergent" areas of the environmental market such as hazardous waste, solid waste,
pollution abatement, and environmental assessment. The foreign firms relied more
heavily on traditional markets such as energy, and on markets outside of the
environmental realm. Both the domestic and foreign firms expect high levels of
opportunity for the construction industry in all segments of the environmental market in
the near future. Therefore, due to their higher level of experience in many (particularly
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the emergent) environmental segments, it would seem that domestic construction firms
are well placed to take advantage of these markets at home and abroad.
The foreign firms typically viewed potential liability as less of a concern for
operating in the environmental market. The domestic firms see potential liability as a
very significant hindrance to operating in the environmental market, whereas the foreign
firms see potential liability as significant, but not very significant. Likewise, the
domestic firms claim that lending companies, bonding companies, and especially
insurance companies view the environmental market much more warily than other
construction markets. On the other hand, the foreign firms claim that lending and
bonding companies view potential liability much the same as in other construction
markets. They agree that insurers are more wary of the environmental market, but less so
than their domestic counterparts. These observations reflect general differences in legal
and business environments from one country to the next, particularly between the United
States and other industrial countries.
The participating firms predominately believe that the environmental market will
continue to grow quickly during this decade. Dollar estimates vary somewhat, but most
agree that the total worldwide environmental market will exceed $100 billion by the year
2000. As pointed out in Chapter II, attaching meaningful numbers to a broadly defined
environmental market is difficult. Once again, I stress the need to look beyond specific
figures. The important conclusions are: almost all respondents expect the environmental
market to grow rather quickly, and they typically predict total market value on the order
of $100 billion.
The domestic construction firms and owners do not typically view environmental
regulations as excessive. The one exception is for the Hazardous Waste segment, where
both groups tended to classify the regulation as "Excessive" rather than "Not Excessive".
On the other hand, foreign construction firms, in contrast to the domestic firms, do not
view regulation in the Hazardous Waste sector as excessive. On average, the owners
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were more likely than construction firms (domestic and foreign) to classify regulations as
"Excessive". The construction firms expressed a preference for regulation to drive the
environmental market, but the owners preferred market over regulatory forces. Since
environmental effects are largely externalities in an open market economy, this result is
not unexpected. The result reflects an important aspect of the environmental market:
without environmental regulation, the environmental services market would be much
smaller.
The domestic and foreign construction firms, and the owners, predict a high
probability that future environmental regulations will create additional work for the
construction industry. However, the owners, more so than the construction firms, also
expect future environmental regulations to place greater restrictions on construction.
This discrepancy is significant because owners determine the demand for construction.
Since owners are more directly affected by such restrictions, they could well have better
insight regarding the likelihood of future restrictions. The questionnaire findings
indicate that owners are expecting greater restrictions on construction.
Most respondents believe that the governments of their respective countries
should promote the development of environmental technology. The respondents
generally favor indirect support through incentive programs over direct government
sponsorship, but few favor no direct support. This result implies that industry is seeking
government help in the development of environmental technology. Given the American
Government's espoused aversion to anything that resembles "industrial policy", it is not
clear that government support will be forthcoming in the United States. However, in
foreign countries where industrial policy plays a more important role, government
support could become a significant catalyst for environmental technology development.
Environmental work represents a much greater share of the domestic construction
firms' business than it does for the foreign firms. However, the foreign firms expect
environmental markets to be more important to them in the next ten years. These
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findings show that on average, the domestic firms have more experience in the
environmental market than their foreign counterparts. At the same time, foreign firms
are moving to capitalize on the growing worldwide need for environmental services.
The owners expressed a need for a variety of facilities (shown in Table 4.1.2)
due to environmental regulations and concerns. A need for new facilities due to
environmental regulations and concerns is different from normal replacement due to
wear and tear and technological obsolescence. This need may directly translate into
more construction in the future, thus offering additional opportunities for the
construction industry.
Broadly speaking, environmental regulations and concerns appear more
widespread in the United States. However, further analysis indicates this fact may soon
change. TI -. domestic and foreign firms agree that in the future more public scrutiny and
self-scrutiny will be directed at the construction industry regarding the environmental
impacts of its activities. However, the foreign firms were more inclined to believe
"Much More" scrutiny will be directed at them. In addition, while both domestic and
foreign firms expect greater restrictions on future construction, the foreign firms expect
slightly more restrictions.
Finally, almost all the owners believe that "construction firms can create a
significant market for themselves as 'green' firms." While a significant portion of
domestic construction firms agree, proportionately more owners believe this claim.
Essentially all of the owners are domestic firms, so this comparison pits domestic supply
versus domestic demand. This difference between domestic construction firms and
owners represents an important finding. The finding strongly suggests that
environmentally responsible construction firms could create a competitive advantage
over other firms. Ninety-five percent of the owners said they would be more likely to
hire a construction firm that has an established record of commitment to the environment
versus one that does not (the firms were presumed to be comparable in other regards).
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Summary of Emergent Environmental Construction Demands
The hazardous waste business is growing quickly in many areas of the world.
The U.S. market remains the most developed, but the European Community and Pacific
Rim markets are emerging. Many construction firms are already entering the hazardous
waste market in the United States. Of all the emerging environmental areas, hazardous
waste offers the most tangible and quantifiable construction opportunities. Construction
firms bring valuable construction management skills to the job and can directly undertake
many of the site cleanups. Construction firms may also find opportunities to joint
venture with environmental engineering firms that conduct site analysis. However,
several challenges remain. Liability insurance and bonding requirements (particularly
for public work) are more difficult to obtain for hazardous waste work, and stringent
regulations complicate operation in this field.
The solid waste business is an old, but growing concern; our capacity to handle
the waste appears to be growing slower than our ability to generate it. In the U.S., the
solid waste sector is the largest and most mature segment of the environmental market
and should grow at a healthy rate in the near term. The solid waste market presents the
construction industry with a wide range of opportunities. However, the solid waste
industry is well established and very difficult to enter in the United States. Solid waste
management will continue to be a primary environmental concern, especially since
capacity to handle the waste is not growing along with demand. This fact should result
in tangible construction opportunities, particularly those related to design and
construction of landfills, incinerators, recycling and composting plants, and waste
minimization facilities.
The energy segment may soon present the construction industry with new
demands -- demands that derive solely from environmental considerations. Such
demands may arise from concerns about fossil fuel combustion and its contribution to
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acid rain, global warming, and other atmospheric pollution. Specifically, I considered
potential efforts to curb global warming and the effects such efforts may have on the
energy industry. Efforts to curb carbon emissions would effect the building,
manufacturing, transportation, and electric utility industries. New buildings could be
designed for more energy efficiency; old buildings could be modified to improve energy
efficiency. Likewise, manufacturing processes could be improved and facilities updated,
and electric utilities would need to improve current fossil fuel burning plants. One MIT
study suggests that electrical utilities in New England could build new plants (which use
current technology) that exceed current environmental standards and improve
profitability. Since most renewable sources of energy produce electricity, any movement
from fossil fuel to non-carbon sources of energy entails more use of electricity and
electric facilities.
The construction opportunities derived from potential efforts to curb global
warming (in the electric utility industry and elsewhere) are very uncertain and nearly
impossible to quantify. However, such opportunities may be numerous and far reaching.
Therefore, developments in the global warming debate hold important ramifications for
the construction industry.
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Appendix 1
Designer / Constructor Questionnaire
(COVER LETTER)
July 31, 1991
Dear Sir / Madam,
I am conducting a survey of the current environmental construction market, and the
enclosed questionnaire will be the foundation of my research. The questionnaire is being
sent to 450 companies that operate directly or indirectly in the construction industry. The
selected types of companies include: designers, constructors, suppliers, and clients. The
questionnaire is designed to investigate several aspects of the environmental construction
market - What are the opportunities? What are the challenges? and How is the industry
responding to these opportunities and challenges?
The results of the survey will provide the basis for my master's thesis, which is a
requirement for a master's degree in civil engineering. I realize that you are often asked to
complete various questionnaires and surveys. With this in mind, I have strived to make
this one clear and succinct. I need your help to make this questionnaire successful; please
complete and return it as soon as possible.
The Center for Const.uction Research and Education (CCRE) at the Massachusetts
Institute of Technology (MIT) is examining the impacts of global environmental change on
the construction industry. If you are interested in finding out more about the Center for
Construction Research and Education at MIT, or about our research in the environmental
area specifically, please feel free to contact us. The Center for Construction Research and
Education has traditionally had strong relations with industry and we feel this contact
significantly adds to the educational experience at MIT. While much of our contact with
industry is direct (e.g., symposiums, guest lectures, courses taught by industry
professionals), an important avenue of communication with industry is through surveys and
questionnaires such as this one. Once compiled, I will gladly share the findings of the
questionnaire with you. We value your support and look forward to hearing from you
soon.
Sincerely,
Edmund S. Pendleton
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General Information about the Questionnaire
The questionnaire is divided into three sections. Section I asks for general information
about your firm, Section II examines the environmental market, and Section III inquires
about the responses of your company to this market.
You have been selected to complete the questionnaire because of your firm's
involvement in the construction industry. It is important that I know the position or title of
the individual that completes the questionnaire. This information will be confidential, but
will be needed to classify your response and for any future correspondence. Your answers
to the questions will be kept confidential and will only be used in statistical forms. If you
feel uncomfortable answering a particular question, please strike through the question
number and continue with the next question. However, the validity of the questionnaire is
diminished if many questions are omitted.
All of the questions are multiple choice answers except for several fill-in-the-blank
questions in Section I. For the multiple choice questions, you are typically asked to
respond by: (1) marking the given blank beside your choice, or (2) circling a given
number in a graduated scale. I ask that you answer the questions from your own personal
viewpoint, not based on company policy or public opinion.
Please complete and return the questionnaire as soon as possible. If you have any
questions, pl case call me at the phone numbers listed below. Thank you for your
cooperation.
EDMUND S. PENDLETON
M.I.T., Department of Civil Engineering
77 Massachusetts Ave. Office: (617) 253-9736
Room 1-050 Home: (617) 266-1412
Cambridge, MA 02139
When returned, this page will be immediately removed from the questionnaire in
order to protect the anonymity of your responses.
The following information will only be used to track which companies and individuals
have returned the questionnaires, and for any future correspondence.
Optional questions.
1. Please indicate your name and title below.
Name
Title
2. The name of your company is:
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Section I: General Information about Your Firm
The following questions are intended to provide general information about your firm
and the types of work that you perform. This general information will be used to
categorize your company within the total survey sample, thus allowing comparisons and
contrasts with other firms. The specific questions asking for your name and company
name are optional. This information would be very helpful for tracking your response to
this questionnaire, but it will not be used to identify you, your company, or your responses
to any of the questions.
1. When was your company formed?
a. before 1950 b. 1950 - 1969 c. 1970 - 1979
d. 1980 - 1989 e. after 1989
2. What is the size of your company?
a. annual gross revenue*
*Note: Please indicate if you report a figure besides annual gross revenue.
For example, many design firms report total annual billings as a
measure of financial size.
b. number of employees: 1-10 11-100 101-1000 >1000
3. For the purposes of the survey, it is necessary to determine your company's role in
the construction industry. You may be a client or supplier of the industry rather
than a constructor or designer. Please use the following definitions to classify your
company.
owner: owns constructed facilities (e.g., oil companies, utilities)
constructor: undertakes construction projects (i.e., a builder)
designer: designs construction projects (e.g., architects, engineers)
technology vendor: develops and/or sells technology for environmental field
supplier: supplies materials, equipment, etc., for construction
With regards to the construction industry, please indicate the principal role of your
company in its regular business activities. If your company fills several of these
roles, please mark all that apply.
a. public owner
b. private owner
c. engineering or design firm
d. technology vendor
e. supplier
f. constructor: general contractor
specialty (sub) contractor
4. Is your company a subsidiary of another company?
Yes No
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5. Please indicate the extent of your company's involvement - measured as a
percentage of total business activity - in the following areas.
*Note: Not at all = 0% 1
Major = 30-99 % E
'etrocnemicals
Water Supply
Sewer / Waste Water
Solid Waste
Hazardous Waste
Energy
Pollution Abatement
Environmental Assessment
linor = < 10%
xclusive = 100%
Not at all Minor
1 2
1 2
1 2
1 2
1 2
1 2
1 2
1 2
Modest = 11-30%
Modest
3
3
3
3
3
3
3
3
Major Exclusive
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
6. Your company headquarters is located in what country?
7. Please indicate the geographical scope of your company by
your work which is:
a. local % b. regional % c. national
giving the percentage of
% d. international %
8. Please indicate the extent of your company's operations in each of the listed global
regions. (Measured as a percentage of total business operations.)
Note: Not at all = 0%
Major = 30-99 %
Minor = < 10%
Exclusive = 100%
Modest = 11-30%
North America
West Europe
East Europe
Latin America
Far-East
Mid-East
Other
Not at
1
1
1
1
1
1
1
all Minor
2
2
2
2
2
2
2
Modest
3
3
3
3
3
3
3
Major
4
4
4
4
4
4
4
Exclusive
5
5
5
5
5
5
5
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Questions 9 & 10 are for constructors and designers only.
9. What percentage of your work is public? What percentage is private?
Public % Private %
10. Please indicate the frequency of the following contracting methods for the work
(both public and private) undertaken by your firm?
Not Very
Never Often Often Often Always
a. competitive bidding 1 2 3 4 5
b. cost plus fee 1 2 3 4 5
c. negotiated price 1 2 3 4 5
d. other [please specify:
1 1 2 3 4 5
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Section II: The Environmental Market
Many dimensions of the rapidly emerging environmental market offer promise for the
engineering and construction industry. For the purposes of this survey, the environmental
market will include business opportunities derived from the following areas of global
environmental concern:
Acid Rain / Ozone Depletion / Global Warming, Clean Air, Deforestation,
Energy, Solid Waste Management, Water Supply, Sewage / Waste Water
Treatment, Environmental Assessment Technologies, and Hazardous Waste
Remediation and Management.
This section is designed to assess your general views of this market, including its
opportunities and challenges.
A. Market Size, Location, and Type
1. In your estimate, what is the approximate annual size (in current US dollars) of the
total environmental market (defined above in the introduction to Section II):
i. in your country (meaning the country of your company's headquarters) today?
a. < 1 billion b. 1-10 billion c. 11-50 billion
d. 51-100 billion e. > 100 billion
ii. worldwide today?
a. < 1 billion b. 1-10 billion c. 11-50 billion
d. 51-100 billion e. > 100 billion
iii. in your country (meaning the country of your company's headquarters) in the
year 2000?
a. < 1 billion b. 1-10 billion c. 11-50 billion
d. 51-100 billion e. > 100 billion
iv. worldwide in the year 2000?
a. < 1 billion b. 1-10 billion c. 11-50 billion
d. 51-100 billion e. > 100 billion
2. Between now and the year 2000 do you expect the environmental market to:
a. shrink b. stabilize c. grow
If you expect it to grow, at what rate:
Very
Slowly Moderately Quickly
1 2 3 4 5
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3. Please indicate the relative (compared to each other) current environmental market
sizes in these regions of the world.
Small Medium Large
a. North America 1 2 3 4 5
b. West Europe 1 2 3 4 5
c. East Europe 1 2 3 4 5
d. Latin America 1 2 3 4 5
e. Far-East 1 2 3 4 5
f. Mid-East 1 2 3 4 5
g. Other 1 2 3 4 5
4. Please indicate the potential opportunity over the next five years - in the country of
your company's headquarters - for the construction industry in the following areas:
Minor Modest Major Don't Know
a. Petrochemicals 1 2 3 4 5 9
b. Water Supply 1 2 3 4 5 9
c. Sewer / Waste Water 1 2 3 4 5 9
d. Solid Waste 1 2 3 4 5 9
e. Hazardous Waste 1 2 3 4 5 9
f. Energy 1 2 3 4 5 9
g. Pollution Abatement 1 2 3 4 5 9
h. Environmental 1 2 3 4 5 9
Xssessment
B. Regulatory and Legal Issues
5. How would you rate the current environmental regulation in the following
areas?
Excessive Not Excessive Don't Know
a. Petrochemicals
b. Water Supply
c. Sewer / Waste Water
d. Solid Waste
e. Hazardous Waste
f. Energy
g. Pollution Abatement
h. Environmental Assessment
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6. To what degree should the environmental market be driven by regulation versus
market forces?
100% Reg. 75% Reg. 50% Reg. 25% Reg. 0% Reg.
0% Mar. 25% Mar 50% Mar. 75% Mar. 100% Mar.
1 2 3 4 5 6 7 8 9
7. To what degree should new regulations be punitive versus incentive based?
100% Pun. 75% Pun. 50% Pun. 25% Pun. 0% Pun.
0% Incen. 25% Incen. 50% Incen. 75% Incen. 100% Incen.
1 2 3 4 5 6 7 8 9
8. How important will the following levels of government be in determining the
environmental regulations of the future?
Not Moderately Very
Important Important Important
a. local 1 2 3 4 5
b. state 1 2 3 4 5
c. federal 1 2 3 4 5
9. a. With regard to environmental regulations, how important is it to establish
international regulations?
Not Moderately Very
Important Important Important
1 2 3 4 5
b. In the absence of international regulations, how important is it for neighboring
nations to have comparable environmental regulations?
Not Moderately Very
Important Important Important
1 2 3 4 5
10. a. What is the likelihood that future environmental regulations will result in
additional work for the construction industry?
Low Moderate High
Probability Probability Probability
1 2 3 4 5
b. What is the likelihood that future environmental regulations will result in
greater restrictions on construction?
Low Moderate High
Probability Probability Probability
1 2 3 4 5
11. In your opinion, is potential liability from environmental work a significant
hindrance to operating in the environmental market?
Not Very
Significant Significant Significant
1 2 3 4 5
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12. When compared to other construction markets, to what degree are the following
institutions wary of the environmental market because of potential liability issues?
Less More
Wary Same Wary
a. lending companies 1 2 3 4 5
b. insurance companies 1 2 3 4 5
c. bonding companies 1 2 3 4 5
13. Please indicate your level of agreement with the following statement:
"The Government should provide a broad umbrella insurance plan that limits
liability - similar to the one provided for the nuclear power industry - for the
environmental market."
Strongly Strongly
Disagree Disagree Agree Agree
1 2 3 4
C. Technology Issues
14. Is technology in the environmental market primanly driven by regulation or market
forces?
Regulation Market
15. Is there research and development of environmental technology in your country
(meaning the country of your company's headquarters)?
Yes No
If Yes, how important has the government been in funding research and
development of environmental technology in your country?
Not Very
Important Important Important
1 2 3 4 5
16. For your firm, how important is the development of proprietary technology versus
using off-the-shelf technology for the environmental market?
Not Very
Important Important Important
1 2 3 4 5
17. Has potential liability restricted in any way the development and use of new
technology in the environmental market?
Not Moderately Seriously
Restricted Restricted Restricted
1 2 3 4 5
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18. For the purposes of this question, preventive technology prevents ecological
damage, whereas corrective technology remedies prior damage.
a. In the past, has environmental technology been directed toward preventive or
corrective purposes?
Preventive Corrective
< ------------------------------------- >
1 2 3 4 5
b. In the future, will environmental technology be directed toward preventive
or corrective purposes?
Preventive Corrective
< ------------------------------------- >
1 2 3 4 5
c. Is there a desired balance between preventive and corrective technologies?
Preventive Corrective
< ------------------------------------- >
1 2 3 4 5
19. Should the development of environmental technology (preventive and corrective)
be promoted by the government of your country (meaning the country of your
company's headquarters)?
Yes No
If Yes, how should the government promote technology - (1) directly through
sponsorship, or (2) indirectly through incentive programs?
Sponsorship Incentives
1 2 3 4 5
20. Please indicate the competitiveness of environmental technology from the
following regions and/or countries of the world.
Not Moderately Very
Competitive Competitive Competitive Don't
a. United States 1 2 3
b. Europe 1 2 3
c. Japan 1 2 3
Know
9
9
9
21. Please indicate the degree of development of environmental technology in your
country (meaning the country of your company's headquarters) and worldwide.
Inadequate Adequate Non-existent
your country
worldwide
1 2 3 4 5
1 2 3 4 51 2 3 4 5
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22. Is the cost of environmental technology a
Not a Modest
Barrier
Petrochemicals 1
Water Supply 1
Sewer / Waste Water 1
Solid Waste 1
Hazardous Waste 1
Energy
Pollution Abatement
Environmental Assessment
1
1
1
barrier to entry in the following areas?
2
2
2
2
2
2
2
2
Strong
Barrier
3
3
3
3
3
3
3
3
Don't
Barrier
5
5
5
5
5
5
5
5
Know
9
9
9
9
9
9
9
9
23. In the environmental market, are innovative or alternative technologies generally
favored by funding agencies?
Yes No
If Yes, how much emphasis is placed on the utilization of these technologies?
Little Moderate Strong
Emphasis Emphasis Emphasis
1 2 3 4 5
If No, how much emphasis should be placed on innovative and alternative
technologies?
No
Emphasis
1
Moderate
Emphasis
2 3
Strong
Emphasis
4 5
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Section III: Response to Environmental Market
The previous section was intended to assess your general perceptions of the
environmental market. This section explores how your company is responding to this
market. The section is divided into two parts. Part A examines if and how your company
is adapting its business strategy to meet the needs of the environmental market. Part B
investigates the effects of the public's increasing environmental awareness and
responsibility on the construction industry.
A. Business Strategy
If your company currently operates in the environmental market, please answer
Questions 1-7 and then proceed to part B.
If your company does not currently operate in the environmental market, please skip
Questions 1-7 and proceed to Question 8.
1. Please check the strategies that your company has used to acquire the
capability to provide environmental services, and judge the importance of
Slightly Moderately
Important Important I
mergers and acquisitions
joint ventures
established in-house capability
2. At present, what percentage of yo
a. < 1% b. 1-10% c.
e. 31-40% f. 41-50%
i. 71-80% j. 81-90%
1 2
1 2
1 2
each.
Very
important
3 4 5
3 4 5
3 4 5
ur work is in the environmental market?
11-20% d. 21-30%
g. 51-60% h. 61-70%
k. >90%
3. Compared to the present, how important will environmental markets be for your
firm in the next 10 years?
Less important
1
About the same
3
More important
5
4. Please indicate the reasons for operating in the environmental market:
a. Size or growth potential of environmental market.
b. The expected profitability of the market.
c. Competitive advantage over competitors due to:
i. low cost
ii. differentiated service
d. Others [Please specify: _
5. Please indicate which statement applies to your company:
a. The company formed exclusively to provide environmental services.
b. The company expanded operations to include environmental services.
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6. Please indicate the approximate annual rate of growth for your company in the
environmental area over the past 5 years in terms of (i) employees and (ii)
revenue.
i. annual growth in number of employees in environmental area
a. < 1% b. 1-5% c. 5-10% d. 11-20%
e. 21-30% f. 31-40% g. >40%
ii. annual growth in revenue from the environmental area
a. < 1% b. 1-5% c. 6-10% d. 11-20%
e. 21-30% f. 31-40% g. >40%
7. Please indicate how long your firm has operated in the following segments of the
environmental market, and indicate any segments you are planning to enter.
< lyr 1-5yrs 6-10yrs >10yrs
Do not
Plan to Plan to
Enter Enter
Petrochemicals
Water Supply
Sewer / Waste Water
Solid Waste
Hazardous Waste
Energy
Pollution Abatement
Environmental
Assessment 2 3 4
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5 0
Please answer Questions 8-11 only if your company does not currently operate in the
environmental market.
8. Have you considered entering the environmental market and subsequently chosen
not to enter?
Yes No
If Yes, for what reason(s) have you decided against operating in this market?
a. low profitability
b. potential liability
c. high cost of insurance
d. difficulty in obtaining bonding
e. high cost of technology and equipment
f. other [please specify: i
9. Please indicate which statement applies to your company:
a. The company is planning to provide environmental services.
b. The company has na plans to provide environmental services.
10. How likely is it that your firm will consider entering the environmental market in
near future?
Not Very
Likely Likely Likely
1 2 3 4 5
11. Does your company use environmental services provided by other suppliers?
Yes No
If Yes, rate the relative importance of such services for your operation:
Not Moderately Very
Important Important Important
1 2 3 4 5
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B. Environmental Awareness and Responsibility
Environmental awareness and responsibility have increasingly gained worldwide
attention in recent years. This environmental movement has resulted in greater scrutiny of
many human activities and their impacts on our environment. New environmental
legislation and regulation have been enacted to curb activities deemed deleterious to the
environment. As an industry which designs and constructs the built environment, the
construction industry would seem particularly prone to intense scrutiny of its actions.
Construction necessarily involves changing the environment in which we live and work.
Will engineering, design, and construction firms strive to become "green" companies?
How important is it for these companies to be perceived as "friends of the environment"?
This section is intended to assess the implications of this increased environmental
awareness and responsibility on the construction industry.
Two aspects will be considered when talking of "greening" construction companies:
(1) the environmental impact of day-to-day operations of the firm, or how it typically
conducts business, and (2) the environmental impact of the projects which it undertakes.
1. In general, is the construction industry in your country concerned about the
environmental impact of its activities?
Not Moderately Very
Concerned Concerned Concerned
1 2 3 4 5
2. Has the construction industry received public scrutiny (e.g., from environmental
organizations) regarding the environmental impact of its activities?
No Moderate Much
Scrutiny Scrutiny Scrutiny
1 2 3 4 5
3. Has the construction industry altered its practices due to environmental concerns?
Not Moderately Heavily
Altered Altered Altered
1 2 3 4 5
4. Please indicate your level of agreement with the following statement:
"The construction industry is likely to be increasingly scrutinized with regards to
the impacts of its activities on the environment."
Strongly Strongly
Disagree Disagree Agree Agree
1 2 3 4
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5. In the future, what level of public scrutiny will be directed at the construction
industry regarding the environmental impacts of its activities?
Little Much
Less Same More More More
1 2 3 4 5
6. In the future, what level of self-scrutiny will the construction industry conduct
regarding the environmental impacts of its activities?
Little Much
Less Same More More More
1 2 3 4 5
7. Is it important for the construction industry to be environmentally
responsible:
Not Very
Important Important Important
a. for the purposes of obtaining work? 1 2 3 4 5
b. for public relations? 1 2 3 4 5
8. Please indicate your level of agreement with the following statement:
"Engineering, design, and construction firms should actively try to promote
themselves as stewards and protectors of the environment."
Strongly Strongly
Disagree Disagree Agree Agree
1 2 3 4
9. Will construction firms (engineers, designers, and constructors) be able to create a
significant market for themselves as "green" firms? In other words,
will construction firms that demonstrate a commitment to environmental awareness
and responsibility realize a competitive advantage over those construction firms
which do not express similar environmental concerns?
Yes No
If Yes, will this "green" image be important with regards to obtaining future:
a. public construction contracts?
Not Moderately Very
Important Important Important
1 2 3 4 5
b. private construction contracts?
Not Moderately Very
Important Important Important
1 2 3 4 5
10. Have new construction projects been restricted in recent years due to
environmental concerns?
Not Moderately Very
Restricted Restricted Restricted
1 2 3 4 5
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11. Compared to now, how will future construction projects be restricted due to
environmental concerns?
Less More
Restricted Same Restricted
If More Restricted, to what degree?
Slightly Moderately Much More
1 2 3 4 5
12. Please indicate your level of agreement with the following statements:
a. "Construction companies should decline to bid or undertake a project which -
according to widespread public and scientific opinion - is believed to be
detrimental to the environment."
Strongly
Disagree
1
Disagree
2
Agree
3
Strongly
Agree
4
b. "The construction industry will not suffer as a consequence of
pressure due to the environmental concerns of its actions."
Strongly
Disagree
1
Disagree
2
Agree
3
increased public
Strongly
Agree
4
END.
THANK YOU.
EDMUND S. PENDLETON
M.I.T., Department of Civil Engineering
77 Massachusetts Ave.
Room 1-050
Cambridge, MA 02139
Office: (617) 253-9736
Home: (617) 266-1412
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If returned, this page will be immediately removed from the questionnaire in order to
protect the anonymity of your responses.
As a follow up to this questionnaire, I hope to further investigate the environmental
construction market by interviewing representatives from several firms in the market. If
you would be willing to participate in an interview - which will basically cover the same
information in this questionnaire, but in more depth - please complete the following form
and return it with the questionnaire.
Name:
Title: _______________
Company:
Address:
Phone number:
Best times to call:
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Name:
Title:
Appendix 2
Owner Questionnaire
(COVER LETTER)
January 10, 1992
Dear Sir / Madam,
I am conducting a survey of the current environmental construction market, and the
enclosed questionnaire will be the foundation of my research. The questionnaire is being
sent to 450 companies that operate directly or indirectly in the construction industry. T'..
selected types of companies include: designers, constructors, suppliers, and owners of
constructed facilities. The questionnaire is designed to investigate several aspects of the
environmental construction market - What are the opportunities? What are the
challenges? and How is the industry responding to these opportunities and challenges?
This version of the questionnaire has been modified slightly to address issues
facing owners of constructed facilities. Sections I and H remain the same, but Section
HI has been modified to assess how current environmental concerns affect owner's
decisions to undertake new construction projects.
The results of the survey will provide the basis for my master's thesis, which is a
requirement for a master's degree in civil engineering. I realize that you are often asked to
complete various questionnaires and surveys. With this in mind, I have strived to make
this one clear and succinct. I need your help to make this questionnaire successful; please
complete and return it as soon as possible.
The Center for Construction Research and Education (CCRE) at the Massachusetts
Institute of Technology (MIT) is examining the impacts of global environmental change on
the construction industry. If you are interested in finding out more about the Center for
Construction Research and Education at MIT, or about our research in the environmental
area specifically, please feel free to contact us. The Center for Construction Research and
Education has traditionally had strong relations with industry and we feel this contact
significantly adds to the educational experience at MIT. While much of our contact with
industry is direct (e.g., symposiums, guest lectures, courses taught by industry
professionals), an important avenue of communication with industry is through surveys and
questionnaires such as this one. Once compiled, I will gladly share the findings of the
questionnaire with you. We value your support and look forward to hearing from you
soon.
Sincerely,
Edmund S. Pendleton
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General Information about the Questionnaire
The questionnaire is divided into three sections. Section I asks for general information
about your firm, Section II examines the environmental market, and Section III inquires
about your company's responses to construction needs and concerns in this market.
You have been selected to complete the questionnaire because of your firm's
involvement in the construction industry. It is important that I know the position or title of
the individual that completes the questionnaire. This information will be confidential, but
will be needed to classify your response and for any future correspondence. Your answers
to all questions will be kept confidential and will only be used in statistical forms. If you
feel uncomfortable arswering a particular question, please strike through the question
number and continue with the next question. However, the validity of the questionnaire is
diminished if many questions are omitted.
All of the questions are multiple choice answers except for several fill-in-the-blank
questions in Section I. For the multiple choice questions, you are typically asked to
respond by: (1) marking the given blank beside your choice, or (2) circling a given
number in a graduated scale. I ask that you answer the questions from your own personal
viewpoint, not based on company policy or public opinion.
Please complete and return the questionnaire as soon as possible. If you have any
questions, please call me at the phone numbers listed below. Thank you for your
cooperation.
EDMUND S. PENDLETON
M.I.T., Department of Civil Engineering
77 Massachusetts Ave. Office: (617) 253-9736
Room 1-050 Home: (617) 266-1412
Cambridge, MA 02139
When returned, this page will be immediately removed from the questionnaire in
order to protect the anonymity of your responses.
The following information will only be used to track which companies and individuals
have returned the questionnaires, and for any future correspondence.
Optional questions.
1. Please indicate your name and title below.
Name
Title
2. The name of your company is:
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Section I: General Information about Your Firm
The following questions are intended to provide general information about your firm
and the types of work that you perform. This general information will be used to
categorize your company within the total survey sample, thus allowing comparisons and
contrasts with other firms. The specific questions asking for your name and company
name are optional. This information would be very helpful for tracking your response to
this questionnaire, but it will not be used to identify you, your company, or your responses
to any of the questions.
1. When was your company formed?
a. before 1950 b. 1950 - 1969 c. 1970 - 1979
d. 1980 - 1989 e. after 1989
2. What is the size of your company?
a. annual gross revenue*
*Note: Please indicate if you report a figure besides annual gross revenue.
For example, many design firms report total annual billings as a
measure of financial size.
b. number of employees: 1-10 11-100 101-1000 >1000
3. For the purposes of the survey, it is necessary to determine your company's role in
the construction industry. You may be a client or supplier of the industry rather
than a constructor or designer. Please use the following definitions to classify your
company.
owner: owns constructed facilities (e.g., oil companies, utilities)
constructor: undertakes construction projects (i.e., a builder)
designer: designs construction projects (e.g., architects, engineers)
technology vendor: develops and/or sells technology for environmental field
supplier: supplies materials, equipment, etc., for construction
With regards to the construction industry, please indicate the principal role of your
company in its regular business activities. If your company fills several of these
roles, please mark all that apply.
a. public owner
b. private owner
c. engineering or design firm
d. technology vendor
e. supplier
f. constructor: general contractor__
specialty (sub) contractor
4. Is your company a subsidiary of another company?
Yes No
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5. Please indicate the extent of your company's involvement - measured as a
percentage of total business activity - in the following areas.
*Note: Not at all = 0%
Major = 30-99 %
Minor = < 10%
Exclusive = 100%
Modest = 11-30%
Petrochemicals
Water Supply
Sewer / Waste Water
Solid Waste
Hazardous Waste
Energy
Pollution Abatement
Environmental Assessment
Not at all Minor
1 2
1 2
1 2
1 2
1 2
1 2
1 2
1 2
Modest Major
4
4
4
4
4
4
4
4
Exclusive
6. Your company headquarters is located in what country?
7. Please indicate the geographical scope of your company by giving the percentage of
your work which is:
a. local % b. regional % c. national % d. international %
8. Please indicate the extent of your company's operations in each of the listed global
regions. (Measured as a percentage of total business operations.)
Note: Not at all = 0%
Major = 30-99 %
Minor = < 10%
Exclusive = 100%
Modest = 11-30%
North America
West Europe
East Europe
Latin America
Far-East
Mid-East
Other
Not at all
1
1
1
1
1
1
1
Minor
2
2
2
2
2
2
2
Modest
3
3
3
3
3
3
3
Major
4
4
4
4
4
4
4
Exclusive
5
5
5
5
5
5
5
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9. Please indicate the frequency of the following contracting methods for
construction work contracted by your firm?
Not Very
Never Often Often Often Always
a. competitive bidding 1 2 3 4 5
b. cost plus fee 1 2 3 4 5
c. negotiated price 1 2 3 4 5
d. other [please specify:
1 1 2 3 4 5
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Section II: The Environmental Market
Many dimensions of the rapidly emerging environmental market offer promise for the
engineering and construction industry. For the purposes of this survey, the environmental
market will include business opportunities derived from the following areas of global
environmental concern:
Acid Rain / Ozone Depletion / Global Warming, Clean Air, Deforestation,
Energy, Solid Waste Management, Water Supply, Sewage / Waste Water
Treatment, Environmental Assessment Technologies, and Hazardous Waste
Remediation and Management.
This section is identical to Section II from a previous survey sent to designers and
constructors. While some of these questions were initially intended for designers and
constructors, I would be very interested to see your responses - as an owner of constructed
facilities - to these same questions. If you are unable to answer a question please strike
through it and proceed with the next one However, I would be grateful if you answer as
many questions as possible. This section serves as an introduction into Section III, which
contains questions specifically designed for owners.
A. Market Size, Location, and Type
1. In your estimate, what is the approximate annual size (in current US dollars) of the
total environmental market (defined above in the introduction to Section II):
i. in your country (meaning the country of your company's headquarters) today?
a. < 1 billion b. 1-10 billion c. 11-50 billion
d. 51-100 billion e. > 100 billion
ii. worldwide today?
a. < 1 billion . b. 1-10 billion c. 11-50 billion
d. 51-100 billion e. > 100 billion
iii. in your country (meaning the country of your company's headquarters) in the
year 2000?
a. < 1 billion b. 1-10 billion c. 11-50 billion
d. 51-100 billion e. > 100 billion
iv. worldwide in the year 2000?
a. < 1 billion b. 1-10 billion c. 11-50 billion
d. 51-100 billion e. > 100 billion
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2. Between now and the year 2000 do you expect the environmental market to:
a. shrink b. stabilize c. grow
If you expect it to grow, at what rate:
Very
Slowly Moderately Quickly
1 2 3 4 5
3. Please indicate the relative (compared to each other) current environmental market
sizes in these regions of the world.
Small Medium Large
North America
West Europe
East Europe
Latin America
Far-East
Mid-East
Other
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
4. Please indicate the potential opportunity over the next five years -
your company's headquarters - for the construction industry in the
Minor Modest Major
a. Petrochemicals 1 2 3 4 5
b. Water Supply 1 2 3 4 5
c. Sewer / Waste Water 1 2 3 4 5
d. Solid Waste 1 2 3 4 5
e. Hazardous Waste 1 2 3 4 5
f. Energy 1 2 3 4 5
g. Pollution Abatement 1 2 3 4 5
h. Environmental 1 2 3 4 5
Assessment
in the country of
following areas:
Don't Know
9
9
9
9
9
9
9
9
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5
B. Regulatory and Legal Issues
5. How would you rate the current environmental regulation in the following
areas?
Excessive Not Excessive Don't Know
Petrochemicals
Water Supply
Sewer / Waste Water
Solid Waste
Hazardous Waste
Energy
Pollution Abatement
Environmental Assessment
6. To what degree should the environmental market be driven by regulation versus
market forces?
100% Reg. 75% Reg. 50% Reg. 25% Reg. 0% Reg.
0% Mar. 25% Mar 50% Mar. 75% Mar. 100% Mar.
1 2 3 4 5 6 7 8 9
7. To what degree should new regulations be punitive versus
100% Pun. 75% Pun. 50% Pun. 25% Pun.
0% Incen. 25% Incen. 50% Incen. 75% Incen.
1 2 3 4 5 6 7
incentive based?
0% Pun.
100% Incen.
8 9
8. How important will the following levels of government be in determining the
environmental regulations of the future?
Not Moderately Very
Important Important Important
local
state
federal
1 2
1 2
1 2
3
3
3
5
5
5
9. a. With regard to environmental regulations, how important is it to establish
international regulations?
Not Moderately Very
Important Important Important
1 2 3 4 5
b. In the absence of international regulations, how important is it for neighboring
nations to have comparable environmental regulations?
Not Moderately Very
Important Important Important
1 2 3 4 5
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10. a. What is the likelihood that future environmental regulations will result in
additional work for the construction industry?
Low Moderate High
Probability Probability Probability
1 2 3 4 5
b. What is the likelihood that future environmental regulations will result in
greater restrictions on construction?
Low Moderate High
Probability Probability Probability
1 2 3 4 5
11. In your opinion, is potential liability from environmental work a significant
hindrance to operating in the environmental market?
Not Very
Significant Significant Significant
1 2 3 4 5
12. When compared to other construction markets, to what degree are the following
institutions wary of the environmental market because of potential liability issues?
Less More
Wary Same Wary
a. lending companies 1 2 3 4 5
b. insurance companies 1 2 3 4 5
c. bonding companies 1 2 3 4 5
13. Please indicate your level of agreement with the following statement:
"The Government should provide a broad umbrella insurance plan that limits
liability - similar to the one provided for the nuclear power industry - for the
environmental market."
Strongly Strongly
Disagree Disagree Agree Agree
1 2 3 4
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C. Technology Issues
14. Is technology in the environmental market primarily driven by regulation or market
forces?
Regulation Market
15. Is there research and development of environmental technology in your country
(meaning the country of your company's headquarters)?
Yes No
If Yes, how important has the government been in funding research and
development of environmental technology in your country?
Not Very
Important Important Important
1 2 3 4 5
16. For your firm, how important is the development of proprietary technology versus
using off-the-shelf technology for the environmental market?
Not Very
Important Important Important
1 2 3 4 5
17. Has potential liability restricted in any way the development and use of new
technology in the environmental market?
Not Moderately Seriously
Restricted Restricted Restricted
1 2 3 4 5
18. For the purposes of this question, preventive technology prevents ecological
damage, whereas corrective technology remedies prior damage.
a. In the past, has environmental technology been directed toward preventive or
corrective purposes?
Preventive Corrective
1 2 3 4 5
b. In the future, will environmental technology be directed toward preventive
or corrective purposes?
Preventive Corrective
< - - - - - - - - - - - - - - - - - - ->
1 2 3 4 5
c. Is there a desired balance between preventive and corrective technologies?
Preventive Corrective
<1 2 3 4 5------------------------------------->
1 2 3 4 5
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19. Should the development of environmental technology (preventive and corrective)
be promoted by the government of your country (meaning the country of your
company's headquarters)?
Yes No
If Yes, how should the government promote technology - (1) directly through
sponsorship, or (2) indirectly through incentive programs?
Sponsorship Incentives
1 2 3 4 5
20. Please indicate the competitiveness of environmental
following regions and/or countries of the world.
Not Moderately
Competitive Competitive
United States
Europe
Japan
technology from the
Very
Competitive
3
3
3
Don't Know
9
9
9
21. Please indicate the degree of development of environmental technology in your
country (meaning the country of your company's headquarters) and worldwide.
Inadequate Adequate Non-existent
your country
worldwide
1 2 3 4 5
1 2 3 4 5
22. Is the cost of environmental technology a
Not a Modest
Barrier
a. Petrochemicals 1
b. Water Supply 1
c. Sewer / Waste Water 1
d. Solid Waste 1
e. Hazardous Waste 1
f. Energy 1
g. Pollution Abatement 1
h. Environmental Assessment 1
barrier to entry
Strong
Barrier
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
in the following areas?
Don't
Barrier Know
4 5 9
4 5 9
4 5 9
4 5 9
4 5 9
4 5 9
4 5 9
4 5 9
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Section III: Response to Environmental Market
The previous section was intended to assess your general perceptions of the
environmental market. This section explores how your company - as an owner of
constructed facilities - is responding to environmental business issues. The section is
divided into two parts. Part A examines if and how your company is adapting its business
strategy to accommodate or serve growing environmental concerns. Part B investigates the
effects of the public's increasing environmental awareness and responsibility on your
construction decisions.
A. Business Strategy
1. Please indicate how long your firm has operated in the following segments of the
environmental market, and indicate any segments you are planning to enter.
< lyr 1-5yrs 6-10yrs >10yrs
Do not
Plan to Pl- to
Enter Enter
Petrochemicals
Water Supply
Sewer / Waste Water
Solid Waste
Hazardous Waste
Energy
Pollution Abatement
Environmental
Assessment
2. Compared to the present. how important will these
market be for your firm in the next 10 years?
Less important
Petrochemicals 1
Water Supply 1
Sewer / Waste Water 1
Solid Waste 1
Hazardous Waste 1
Energy 1
Pollution Abatement 1
Environmental
Assessment 1
segments of the environmental
About the same More important
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
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3 4
3 4
3 4
3. Have environmental regulations and concerns shaped the direction of your industry
in recent years?
Not Very
at all Slightly Moderately Significantly Significantly
1 2 3 4 5
4. Have the following areas of your business been affected by environmental concerns
and regulations?
resource or materials input
production / process
distribution
marketing
service
Not
at all
1
1
Slightly Moder-
ately
2 3
2 3
2 3
2 3
2 3
Signif- Very Sig-
icantly nificantly
4 5
4 5
4 5
4 5
4 5
5. Do you expect a need for new constructed facilities (in your industry) due to
environmental regulations and concerns?
A list of facility categories is given below. For example, installing smokestack
scrubbers to meet new clean air regulations would fall under category c: air
pollution abatement. Please feel free to add other categories.
a. new or modified production/process facilities
b. energy supply facilities
c. air pollution abatement facilities
d. treatment or containment facilities for:
solid waste waste water
e. waste reduction reduction facilities for:
solid waste waste water
hazardous waste
hazardous waste
f. other:
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Note:
For the purposes of this survey, environmental services are those services
which meet needs derived from the following areas of global environmental concern:
Acid Rain / Ozone Depletion / Global Warming, Clean Air,
Deforestation, Energy, Solid Waste Management, Water Supply,
Sewage / Waste Water Treatment, Environmental Assessment
Technologies, and Hazardous Waste Remediation and Management.
6. Have recent environmental regulations, restrictions, and awareness increased
your need for environmental services?
Yes No
7. For your industry, how do you foresee the need for environmental services
between now and the year 2000?
Much Much
Less Less Same More More
1 2 3 4 5
8. Please check the strategies that your company has
environmental services, and judge the importance
Slightly
Important
mergers and acquisitions
joint ventures
established in-house capability
hired outside supplier
no services needed
1
1
1
1
used to acquire
of each.
Moderately
Important
2 3
2 3
2 3
2 3
9. Does your company use environmental services provided by other suppliers?
Yes No
If Yes, rate the relative importance of such
Not Moderately
Important Important
1 2 3
services for your operation:
Very
Important
4 5
10. Have you considered establishing environmental services in-house and
subsequently chosen not to?
Yes No
If Yes, for what reason(s) have you decided against establishing these services?
a. low profitability
b. potential liability
c. high cost of insurance
d. difficulty in obtaining bonding
e. high cost of technology and equipment
f. other [please specify: i
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Very
Important
5
5
5
5
B. Environmental Awareness and Responsibility
Environmental awareness and responsibility have increasingly gained worldwide
attention in recent years. This environmental movement has resulted in greater scrutiny of
many human activities and their impacts on our environment. New environmental
legislation and regulation have been enacted to curb activities deemed deleterious to the
environment. As an industry which designs and constructs the built environment, the
construction industry would seem particularly prone to intense scrutiny of its actions.
Construction necessarily involves changing the environment in which we live and work.
As owners in the construction industry strive to become "green" companies, how will
construction decisions be affected? This section is intended to assess the implications of
increased environmental awareness and responsibility on your construction decisions as an
owner. In addition, several questions refer to the construction industry in general.
1. In general, are owners of constructed facilities (in your country) concerned
about the environmental impact of their construction activities?
Not Moderately Very
Concerned Concerned Concerned
1 2 3 4 5
2. Have owners received public scrutiny (e.g., from environmental
organizations) regarding the environmental impact of their construction activities?
No Moderate Much
Scrutiny Scrutiny Scrutiny
1 2 3 4 5
3. Have owners of constructed facilities altered their construction decisions
due to environmental concerns?
Not Moderately Heavily
Altered Altered Altered
1 2 3 4 5
4. Please indicate the appropriate answers to the following questions:
"Is it important for your business to be environmentally responsible:
Not Very
Important Important Important
a. for selling products or services?" 1 2 3 4 5
b. for public relations?" 1 2 3 4 5
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5. In the future, what level of public scrutiny will be directed at owners
regarding the environmental impacts of their construction activities?
Little Much
Less Same More More More
1 2 3 4 5
6. In the future, what level of self-scrutiny will owners conduct regarding the
environmental impacts of their construction activities?
Little Much
Less Same More More More
1 2 3 4 5
7. Please indicate your level of agreement with the following statement:
"Owners of constructed facilities should actively try to promote
themselves as stewards and protectors of the environment."
Strongly Strongly
Disagree Disagree Agree Agree
1 2 3 4
8. In y._ ar opinion as an owner, will construction firms (engineers, designers, and
constructors) be able to create a significant market for themselves as "green"
firms? In other words, will construction firms that demonstrate a commitment to
environmental awareness and responsibility realize a competitive advantage over
those construction firms which do not express similar environmental concerns?
Yes No
If Yes, will this "green" image be important with regards to obtaining future:
a. public construction contracts?
Not Moderately Very
Important Important Important
1 2 3 4 5
b. private construction contracts?
Not Moderately Very
Important Important Important
1 2 3 4 5
9. As an owner, would you be more likely to hire a construction firm (engineer,
designer, constructor) that has an established record of commitment to the
environment versus one that does not? (Assume the two firms are comparable in
other regards.)
Yes No
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10. In recent years, have new construction projects in your industry been restricted due
to environmental concerns?
Not Moderately Very
Restricted Restricted Restricted
1 2 3 4 5
11. Compared to now, how will future construction projects in your industry be
restricted due to environmental concerns?
Less
Restricted Same
More
Restricted
3
If More Restricted, to what degree?
Slightly Moderately Much More
1 2 3 4 5
END.
THANK YOU.
EDMUND S. PENDLETON
M.I.T., Department of Civil Engineering
77 Massachusetts Ave.
Room 1-050
Cambridge, MA 02139
Office: (617) 253-9736
Home: (617) 266-1412
175
If returned, this page will be immediately removed from the questionnaire in order to
protect the anonymity of your responses.
As a follow up to this questionnaire, I hope to further investigate the environmental
construction market by interviewing representatives from several firms in the market. If
you would be willing to participate in an interview - which will basically cover the same
information in this questionnaire, but in more depth - please complete the following form
and return it with the questionnaire.
Name:
Title:
Company:
Address:
Phone number:
Best times to call:
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Appendix 3
Designer / Constructor Questionnaire Results: Domestic Firms
The following results comprise the first analysis of the designer/constructor
questionnaire. The questionnaire contained 56 questions, but many questions had multiple
parts: approximately 145 individual answers were needed to complete each questionnaire.
I have calculated percentages for each response to the questions. In addition, I calculated
the percentage of respondents who answered each question. For example, while 78 firms
returned the questionnaire, typically fewer than 78 answered each question. For the first
question in Section I, 77 out of 78 respondents answered the question - a response rate of
98.7%.
Section I: General Information about Your Firm
1. When was your company formed? (98.7% response rate)
a. before 1950 57% b. 1950- 1969 21% c. 1970- 1979 12%
d. 1980 - 1989 8% e. after 1989 3%
2. What is the size of your company? (98.7% response rate)
a. annual gross revenue*
*Note: Please indicate if you report a figure besides annual gross revenue.
For example, many design firms report total annual billings as a
measure of financial size.
b. number of employees: 1-10 1.3% 11-100 5.2% 101-1000 49.4%
>1000 44.2%
3. For the purposes of the survey, it is necessary to determine your company's role in
the construction industry. You may be a client or supplier of the industry rather
than a constructor or designer. Please use the following definitions to classify your
company.
owner: owns constructed facilities (e.g., oil companies, utilities)
constructor: undertakes construction projects (i.e., a builder)
designer: designs construction projects (e.g., architects, engineers)
technology vendor: develops and/or sells technology for environmental field
supplier: supplies materials, equipment, etc., for construction
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With regards to the construction industry, please indicate the principal role of your
company in its regular business activities. If your company fills several of these
roles, please mark all that apply. (98.7% response rate)
a. public owner 7.6%
b. private owner 13.9%
c. engineering or design firm 68.4%
d. technology vendor 24.0%
e. supplier 11.4%
f. constructor: general contractor 58.0%
specialty (sub) contractor -7%
4. Is your company a subsidiary of another company? (100% response rate)
Yes 42.3% No 57.7%
5. Please indicate the extent of your company's involvement - measured as a
percentage of total business activity - in the following areas.
*Note: Not at all = 0% Minor = < 10% Modest = 11-30%
Major = 30-99 % Exclusive = 100%
Not at all Minor Modest Major Exclusive
a. Petrochemicals (91%) 25% 34% 15.5% 25.4% 0%
b. Water Supply (96%) 14.7% 41.3% 26.7% 17.3% 0%
c. Sewer / Waste Water (95%) 9.5% 37.8% 29.7% 21.6% 1.4%
f. Energy (87%) 25.0% 30.9% 23.5% 20.6% 0%
g. Pollution Abatement (83%) 107,%% 30.8% 29.2% 27.7% 1.5%
h. Environ. Assessment (91%) 32.4% 19.7% 32.4 15.5% 0%
6. Your company headquarters is located in what country? (100% response rate)
US - 98.7%, Germany - 1.3%
7. Please indicate the geographical scope of your company by giving the percentage of
your work which is:
a. local % b. regional % c. national % d. international %
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8. Please indicate the extent of your company's operations in each of the listed global
regions. (Measured as a percentage of total business operations.)
Note: Not at all = 0%
Major = 30-99 %
Minor = < 10%
Exclusive = 100%
Modest = 11-30%
North America (98.7%)
West Europe (73%)
East Europe (68%)
Latin America (71%)
Far-East (74%)
Mid-East (76%)
Other
Questions 9 & 10 are for constructors and designers only.
9. What percentage of your work is public? What percentage is private? (100%)
Public %
0%: 8.2%
0%< <= 25%:26.0%11.0%
25%< <=50%:35.6%32.9%
50%< <=75%:19.2%26.0%
>75%: 11.0%
Private
0%
30.1%
10. Please indicate the frequency of the following contracting methods for the work
(both public and private) undertaken by your firm?
Never
a. comp. bidding (91%) 0%
b. cost plus fee (92%) 2.8%
c. negotiated price(95%) 1.4%
d. other [please specify:
] 1
Not
Often
25.4%
16.7%
27.0%
Often
21.1%
44.4%
31.1%
Very
Often
50.7%
36.1%
40.5%
2 3 4
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Not at all
0%
47.4%
67.9%
47.3%
44.8%
50.8%
Minor
0%
35.1%
28.3%
1.8%
41.4%
30.5%
Modest
0%
5.3%
1.9%
9.1%
12.1%
16.9%
Major
59.7%
12.3%
1.9%
0%
1.7%
1.7%
Exclusive
40.3%
0%
0%
0%
0%
0%
Always
2.8%
0%
0%
5
Section II: The Environmental Market
A. Market Size, Location, and Type
1. In your estimate, what is the approximate annual size (in current US dollars) of the
total environmental market (defined above in the introduction to Section 1):
i. in your country (meaning the country of your company's headquarters) today?
(95%)
a. < 1 billion 09 b. 1-10 billion 27% c. 11-50 billion 31.1%
d. 51-100billion 21.6% e. > 100 billion 20.3%
ii. worldwide today? (92.3%)
a. <1 billion 0% b. 1-10billion 1.4% c. 11-50billion 16.7%
d. 51-100billion 29.2% e. > 100billion 52.8%
iii. in your country (meaning the country of your company's headquarters) in the
year 2000? (94%)
a. < 1 billion 0%9. b. 1-10 billion 5.5% c. 11-50 billion 28.8%
d. 51-100 billion 35.6% e. > 100 billion 28.8%
iv. worldwide in the year 2000? (91%)
a. < 1 billion 10% b. 1-10 billion 1.4% c. 11-50 billion 4.2%
d. 51-100 billion 18.3% e. > 100 billion 76.1%
2. Between now and the year 2000 do you expect the environmental market to:
(96.1%)
a. shrink 1.3% b. stabilize 8.0% c. grow 90.7%
If you expect it to grow, at what rate: (99% of grow answers)
Very
Slowly Moderately Quickly
0% 1.5% 31.3% 55.2% 11.9%
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3. Please indicate the relative (compared to each other) current environmental market
sizes in these regions of the world.
NIorth America t92%~ )
West Europe (91%)
East Europe (88%) 1
Latin America (90%)
Far-East (90%)
Mid-East (90%) 2
Other (37%) 4
Small
0%
1.4%
8.8%
30%
14.3%
14.3%
4.8%
1.4%
8.5%
26.1%
34.3%
35.7%
38.6%
41.4%
Medium
9.0%
29.6%
18.8%
22.9%
28.6%
17.1%
6.9%
31.3%
42.3%
15.9%
4.3%
14.3%
15.7%
3.4%
Large
65.7%
18.3%
20.3%
8.6%
7.1%
4.3%
3.4%
4. Please indicate the potential opportunity over the next five years -
your company's headquarters - for the construction industry in the
Minor
Petrochemicals (95%)
Water Supply (99%)
Sewer / Waste Water
Solid Waste (99%)
Haz. Waste (100%)
Energy (99%)
Pollution Abatement
Environmental (99%)
Assessment
1.4
1.3
1.3
1.3
2.6
0
0
2.6
10.8
9.1
9.1
5.2
0
14.3
3.8
15.6
Modest
24.3
35.1
32.5
15.6
7.7
32.5
26.9
16.9
20.3
36.4
35.1
41.6
32
23.4
35.9
41.6
Major
20.3
11.7
15.6
29.9
56.4
14.3
30.8
16.9
in the country of
following areas:
Don't Know
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6.5
6.5
6.5
1.3
15.6
2.6
6.5
B. Regulatory and Legal Issues
5. How would you rate the current environmental
areas?
regulation in the following
Excessive Not Excessive
Petrochemicals (96%)
Water Supply (97%)
Sewer / Waste Water (97%)
Solid Waste (97%)
Hazardous Waste (97%)
Energy (97%)
Pollution Abatement (97%)
Environ. Assmnt. (99%)
14.7%
14.5%
13,2%
27.6%
50%
18.4%
27.6%
28.6%
48%
71%
75%
64.5%
46%
60.5%
63.1%
58.4%
Don't Know
37.3%
14.5%
11.8%
7.9%
4%
21.1%
13%
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6. To what degree should the environmental market be driven by regulation versus
market forces? (99% response rate)
100% Reg. 75% Reg. 50% Reg. 25% Reg. 0% Reg.
0% Mar. 25% Mar 50% Mar. 75% Mar. 100% Mar.
2.6% 7.8% 39% 9.1% 27.3% 3.9% 10.4% 0% 0%
7. To what degree should new regulations be punitive versus incentive based? (99%)
100% Pun. 75% Pun. 50% Pun. 25% Pun. 0% Pun.
0% Incen. 25% Incen. 50% Incen. 75% Incen. 100% Incen.
1.3% 0% 7.8% 2.6% 35.1% 1.3% 40.3% 9.1% 2.6%
8. How important will the following levels of government be in determining the
environmental regulations of the future?
Not Moderately Very
Important Important Important
a. local (99%) 14.3% 32.5% 33.8% 9.1% 10.4%
b. state (99%) 0% 1.3% 36.4% 32.5% 29.9%
c. federal (99%) 0% 2.6% 9.1% 22.1% 66.2%
9. a. With regard to environmental regulations, how important is it to establish
international regulations? (100%)
Not Moderately Very
Important Important Important
3.8% 10.3% 28.2% 24.4% 33.3%
b. In the absence of international regulations, how important is it for neighboring
nations to have comparable environmental regulations? (99%)
Not Moderately Very
Important Important Important
1.3% 2.6% 15.6% 37.7% 42.9%
10. a. What is the likelihood that future environmental regulations will result in
additional work for the construction industry? (100%)
Low Moderate High
Probability Probability Probability
0% 1.3% 12.8% 34.6% 51.3%
b. What is the likelihood that future environmental regulations will result in
greater restrictions on construction? (99%)
Low Moderate High
Probability Probability Probability
3.9% 15.6% 27.3% 29.9% 23.4%
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11. In your opinion, is potential liability from environmental work a significant
hindrance to operating in the environmental market? (97%)
Not Very
Significant Significant Significant
1.3% 18.4% 11.8% 29% 42.1%
12. When compared to other construction markets, to what degree are the following
institutions wary of the environmental market because of potential liability issues?
(96%)
Less More
Wary Same Wary
a. lending companies 1.4% 1.4% 13.5% 37.8% 45.9%
b. insurance companies 1.3% 0% 2.7% 30.7% 65.3%
c. bonding companies 1.3% 0% 8% 36% 54.7%
13. Please indicate your level of agreement with the following statement:
"The Government should provide a broad umbrella insurance plan that limits
liability - similar to the one provided for the nuclear power industry - for the
environmental market." (100%)
Strongly Strongly
Disagree Disagree Agree Agree
5.1% 14.1% 35.9% 5.1%
C. Technology Issues
14. Is technology in the environmental market primarily driven by regulation or market
forces? (95%)
Regulation 74.3% Market 25.7%
15. Is there research and development of environmental technology in your country
(meaning the country of your company's headquarters)? (99%)
Yes 96.1% No 3.9%
If Yes, how important has the government been in funding research and
development of environmental technology in your country? (97%)
Not Very
Important Important Important
8.3% 32% 33.3% 16.7% 9.7%
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16. For your firm, how important is the development of proprietary technology versus
using off-the-shelf technology for the environmental market? (100%)
Not Very
Important Important Important
23.1% 33.3% 17.9% 11.5% 14.1%
17. Has potential liability restricted in any way the development and use of new
technology in the environmental market? (99%)
Not Moderately Seriously
Restricted Restricted Restricted
5.2% 6.5% 37.7% 26% 24.7%
18. For the purposes of this question, preventive technology prevents ecological
damage, whereas corrective technology remedies prior damage.
a. In the past, has environmental technology been directed toward preventive or
corrective purposes? (100%)
Preventive Corrective
< ------------------------------------- >
5.1% 5.1% 10.2% 56.4% 23.1%
b. In the future, will environmental technology be directed toward preventive
or corrective purposes? (99%)
Preventive Corrective
< ------------------------------------- >
20.8% 37.7% 31.2% 7.8% 2.6%
c. Is there a desired balance between preventive and corrective technologies?
(97%)
Preventive Corrective
< ------------------------------------- >
7.9% 44.7% 38.2% 9.2% 0%
19. Should the development of environmental technology (preventive and corrective)
be promoted by the government of your country (meaning the country of your
company's headquarters)? (100%)
Yes 93.6% No 5.4%
If Yes, how should the government promote technology - (1) directly through
sponsorship, or (2) indirectly through incentive programs? (100%)
Sponsorship Incentives
<2.7% 6.9% 24.7% 39.7% 26.0%------------------------------------->
2.7% 6.9% 24.7% 39.7% 26.0%
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20. Please indicate the competitiveness of environmental technology from the
following regions and/or countries of the world.
Not Moderately Very
Competitive Competitive Competitive Don't
a. United States (95%) 0% 25.7% 62.2% 12.
b. Europe (92%) 2.8% 30.6% 34.7% 31.
c. Japan (92%) 12.5% 16.7% 16.7% 54.:
Know
2%
9%
2%
21. Please indicate the degree of development of environmental technology in your
country (meaning the country of your company's headquarters) and worldwide.
Inadequate Adequate Non-existent
your country (99%)
worldwide (96%)
< ------------------------------------- >
1.3% 15.6% 24.7% 41.6%
12% 41.3% 37.3% 6.7%
22. Is the cost of environmental technology a barrier to entry in the following areas?
Not a Modest Strong D
Barrier Barrier Barrier K
Petrochemicals (9'%) 10.Zo 8.1 ' 20U.3% V0 .1% 12%O 3
Water Supply (96%) 24% 17.3% 21.3% 12% 1.3%
Sewer/Waste Wat.(96%) 22.7% 18.7% 21.3% 13.3% 4%
Solid Waste (96%) 8% 14.7% 29.3% 20% 13.3% 1
Hazardous Waste (96%) 5.3% 5.3% 25.3% 21.3% 30.7%
Energy (96%) 10.7% 13.3% 24% 9.3% 12% 3
Pollution Abate. (95%) 10.8% 12.2% 25.7% 31.1% 5.4% 1
Environ. Assmnt. (96%) 28% 12% 21.3% 13.3% 5.3%
23. In the environmental market, are innovative or alternative
generally favored by funding agencies? (95%)
Yes 36.5% No 63.5%
technologies
If Yes, how much emphasis is placed on the utilization of these technologies?
(100%) Little Moderate Strong
Emphasis Emphasis Emphasis
0% 17.2% 55.2% 20.7% 6.9%
If No, how much emphasis should be placed on innovative and alternative
technologies? (100%)
No Moderate Strong
Emphasis
2.0% 2.0%
Emphasis
40.8%
Emphasis
34.7% 20.4%
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16.9%
2.7%
)on't
now
5.1%
24%
20%
4.7%
12%
0.7%
4.9%
20%
Section III: Response to Environmental Market
A. Business Strategy
If your company currently operates in the environmental market, please answer
Questions 1-7 and then proceed to part B.
If your company does not currently operate in the environmental market, please skip
Questions 1-7 and proceed to Question 8.
1. Please check the strategies that your company has used to acquire the
capability to provide environmental services, and judge the importance of each.
Slightly Moderately Very
Important Important Important
a. mergers and acquisitions (74%) 36.2% 22.4% 20.7% 10.3% 10.3%
b. joint ventures (94%) 19.2% 11% 31.5% 17.8% 6.9%
c. eotablished in-house capability(87%) 1.5% 5.9% 20.6% 17.6% 54.4%
2. At present, what percentage of your work is in the environmental market? (87%)
a. <1% 09.. b. 1-10% 19.1% c. 11-20% 11.8% d. 21-30% 11.8%
e. 31-40% 2.9% f. 41-50% 4.4% g. 51-60% 2.9% h. 61-70% 7.4%
i. 71-80% 2.9% j. 81-90% 5.9% k. > 90% 30.9%
3. Compared to the present. how important will environmental markets be for your
firm in the next 10 years? (87%)
Less important About the same More important
0% 1.5% 16.2% 33.8% 48.5%
4. Please indicate the reasons for operating in the environmental market: (88%)
a. Size or growth potential of environmental market. 87%
b. The expected profitability of the market. 71%
c. Competitive advantage over competitors due to:
i. low cost 10.1%
ii. differentiated service 59.4%
d. Others [Please specify: _
5. Please indicate which statement applies to your company: (86%)
a. The company formed exclusively to provide environmental services. 28.3%
b. The company expanded operations to include environmental services. 71.1 %
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6. Please indicate the approximate annual rate of growth for your company in the
environmental area over the past 5 years in terms of (i) employees and (ii)
revenue.
i. annual growth in number of employees in environmental area (87%)
a. < 1% 4.4% b. 1-5% 14.7% c. 5-10% 17.6% d. 11-20% 19.1%
e. 21-30% 17.7% f. 31-40% 7.4% g. >40% 19.1%
ii. annual growth in revenue from the
a. < 1% 3.0% b. 1-5% 9.0%
e. 21-30% 23.9% f. 31-40%
environmental area (86%)
c. 6-10% 19.4% d. 11-20%
6.% g. >40% 17.9%
7. Please indicate how long your firm has operated in the following segments of the
environmental market, and indicate any segments you are planning to enter. (853 ,)
< lyr 1-5yrs 6-10yrs >10yrs Plan to
Enter
Do not
Plan to
Enter
Petrochemicals
Water Supply
Sewer / Waste Water
Solid Waste
Hazardous Waste
Energy
Pollution Abatement
Environmental
Assessment
4.5%
1.5%
0%
1.5%
3.0%
0%
3%
9.0%
12.3%
12.5%
19.4%
20.9%
7.4%
20.9%
10.5%
9.2%
14.1%
13.4%
29.9%
17.6%
11.9%
37.3%
53.8%
59.4%
43.3%
32.8%
45.6%
46.3%
1.5% 10.3% 22.1% 33.8%
4.5% 34.3%
3.1% 20%
4.7%9.4%
4.5%17.9%
1.5%11.9%
1.5%27.9%
1.5%16.4%
1.5%30.9%
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20.9%
Please answer Questions 8-11 only if your company does not currently operate in the
environmental market.
8. Have you considered entering the environmental market and subsequently chosen
not to enter? (16.7%)
Yes 69.2% No 30.8%
If Yes, for what reason(s) have you decided against operating in this market?
(100%)
a. low profitability 11.1%
b. potential liability 77.8%
c. high cost of insurance 66.7%
d. difficulty in obtaining bonding 55.6%
e. high cost of technology and equipment 22.2%
f. otbe~r [nlense~ .ne~cifvr
9. Please indicate which statement applies to your company: (16.7%)
a. The company is planning to provide environmental services. 30.8%
b. The company has no plans to provide environmental services. 69.2%
10. How likely is it that your firm will consider entering the environmental market in
near future? (16.7%)
Not
Likely
30.8% 15.4%
Likely
30.8%
Very
Likely
7.7% 15.4%
11. Does your company use environmental services provided by other suppliers?
(16.7%)
Yes 84.6% No 15.4%
relative importance of such services
Not Moderately
Important Important
0% 27.3% 45.5% 9.1%
for your operation: (100%)
Very
Important
18.2%
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If Yes, rate the
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B. Environmental Awareness and Responsibility
Environmental awareness and responsibility have increasingly gained worldwide
attention in recent years. This environmental movement has resulted in greater scrutiny of
many human activities and their impacts on our environment. New environmental
legislation and regulation have been enacted to curb activities deemed deleterious to the
environment. As an industry which designs and constructs the built environment, the
construction industry would seem particularly prone to intense scrutiny of its actions.
Construction necessarily involves changing the environment in which we live and work.
Will engineering, design, and construction firms strive to become "green" companies?
How important is it for these companies to be perceived as "friends of the environment"?
This section is intended to assess the implications of this increased environmental
awareness and responsibility on the construction industry.
Two aspects will be considered when talking of "greening" construction companies:
(1) the environmental impact of day-to-day operations of the firm, or how it typically
conducts business, and (2) the environmental impact of the projects which it undertakes.
1. In general, is the construction industry in your country concerned about the
environmental impact of its activities? (100%)
Not Moderately Very
Concerned Concerned Concerned
5.1% 10.3% 43.6% 25.6% 15.4%
2. Has the construction industry received public scrutiny (e.g., from environmental
organizations) regarding the environmental impact of its activities? (100%)
No Moderate Much
Scrutiny Scrutiny Scrutiny
0% 16.7% 35.9% 29.5% 17.9%
3. Has the construction industry altered its practices due to environmental concerns?
(100%)
Not Moderately Heavily
Altered Altered Altered
1.3% 12.8% 47.4% 29.5% 9.0%
4. Please indicate your level of agreement with the following statement:
"The construction industry is likely to be increasingly scrutinized with regards to
the impacts of its activities on the environment." (99%)
Strongly Strongly
Disagree Disagree Agree Agree
1.3% 1.3% 61% 36.4%
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5. In the future, what level of public scrutiny will be directed at the construction
industry regarding the environmental impacts of its activities? (100%)
Little Much
Less Same More More More
0% 2.6% 6.4% 70.5% 20.5%
6. In the future, what level of self-scrutiny will the construction industry conduct
regarding the environmental impacts of its activities? (100%)
Little Much
Less Same More More More
0% 10.3% 21.8% 56.4% 11.5%
7. Is it important for the construction industry to be environmentally
responsible: (99%)
Not Very
Important Important Important
a. for the purposes of obtaining work? 3.9% 7.8% 29.9% 26% 32.5%
b. for public relations? 0% 1.3% 24.7% 29.9% 44.2%
8. Please indicate your level of agreement with the following statement: (100%)
"Engineering, design, and construction firms should actively try to promote
themselves as stewards and protectors of the environment."
Strongly Strongly
Disagree Disagree Agree Agree
1.3% 16.7% 46.2% 35.9%
9. Will construction firms (engineers, designers, and constructors) be able to create a
significant market for themselves as "green" firms? In other words,
will construction firms that demonstrate a commitment to environmental awareness
and responsibility realize a competitive advantage over those construction firms
which do not express similar environmental concerns? (99%)
Yes 66.2% No 33.8%
If Yes, will this "green" image be important with regards to obtaining future:
a. public construction contracts? (100%)
Not Moderately Very
Important Important Important
9.6% 9.6% 28.8% 34.6% 17.3%
b. private construction contracts? (100%)
Not Moderately Very
Important Important Important
0% 9.6% 34.6% 36.5% 19.2%
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10. Have new construction projects been restricted in recent years due to
environmental concerns? (100%)
Not
Restricted
0% 7.7%
Moderately
Restricted
44.9%
Very
Restricted
30.8% 16.7%
11. Compared to now, how will future construction projects be restricted due to
environmental concerns? (97%)
Less More
Restricted Same Restricted
0% 25% 75%
If More Restricted, to what degree? (100%)
Slightly Moderately Much More
0% 6.8% 35.6% 45.8% 11.9%
12. Please indicate your level of agreement with the following statements: (97%)
a. "Construction companies should decline to bid or undertake a project which -
nacording to widespread public and scientific opinion - is believed to be
detrimental to the environment."
Strongly
Disagree
6.6%
Disagree
32.9%
Agree
55.3%
Strongly
Agree
5.3%
b. "The construction industry will not suffer as a consequence of increased public
pressure due to the environmental concerns of its actions."
Strongly
Disagree
7.9%
Disagree
56.6%
Agree
34.2%
Strongly
Agree
1.3%
END.
THANK YOU.
EDMUND S. PENDLETON
M.I.T., Department of Civil Engineering
77 Massachusetts Ave.
Room 1-050
Cambridge, MA 02139
Office: (617) 253-9736
Home: (617) 266-1412
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Appendix 4
Designer / Constructor Questionnaire Results: Foreign Firms
The following results are from the international firms that responded to the
designer/constructor questionnaire. The questionnaire contained 56 questions, but many
questions had multiple parts: approximately 145 individual answers were needed to
complete each questionnaire. I have calculated percentage responses for each answer to the
questions. In addition, I calculated the percentage of respondents who answered each
question. For example, while 13 firms returned the questionnaire (17% of mailing list),
typically fewer than 13 answered each question. For the first question in Section I, 13 out
of 13 respondents answered the question - a response rate of 100%.
Section I: General Information about Your Firm
1. When was your company formed? (100% response rate)
a. before 1950 69% b. 1950- 1969 23% c. 1970- 1979 8b
d. 1980 - 1989 0Q e. after 1989 0%
2. What is the size of your company? (% response rate)
a. annual gross revenue*
*Note: Please indicate if you report a figure besides annual gross revenue.
For example, many design firms report total annual billings as a
measure of financial size.
b. numberof employees: 1-10 % 11-100 % 101-1000 %
>1000 %
3. For the purposes of the survey, it is necessary to determine your company's role
in the construction industry. You may be a client or supplier of the industry
rather than a constructor or designer. Please use the following definitions to
classify your company.
owner: owns constructed facilities (e.g., oil companies, utilities)
constructor: undertakes construction projects (i.e., a builder)
designer: designs construction projects (e.g., architects, engineers)
technology vendor: develops and/or sells technology for environmental field
supplier: supplies materials, equipment, etc., for construction
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With regards to the construction industry, please indicate the principal role of
your company in its regular business activities. If your company fills several of
these roles, please mark all that apply. (% response rate)
puDIic owner ./&
private owner %
engineering or design firm %
technology vendor _
supplier %
constructor: general contractor %
specialty (sub) contractor _%
4. Is your company a subsidiary of another company? (100%
Yes 46% No 54%
5. Please indicate the extent of your company's involvement -
percentage of total business activity - in the following areas.
response rate)
measured as a
*Noti: Not at all = 0%
Major = 30-99 %
Minor = < 10%
Exclusive = 100%
Modest = 11-30%
Not at all
a. Petrochemicals (92%) 25%
b. Water Supply (54%) 0%
Sewer / Waste Water (92%) 8%
Solid Waste (100%) 30%
Hazardous Waste (100%) 54%
Energy (100%) 8%
Pollution Abatement (92%) 42%
h. Environ. Assessment (92%) 50%
Minor
33%
57%
50%
54%
46%
31%
50%
42%
Modest
25%
14%
42%
8%
0%
46%
8%
8%
Major
17%
29%
0%
8%
0%
15%
0%
0%
Exclusive
0%
0%
0%
0%
0%
0%
0%
0%
6. Your company headquarters is located in what country? (92% response rate)
%. %
7. Please indicate the geographical scope of your company by giving the percentage of
your work which is:
a. local % b. regional % c. national % d. international %
8. Please indicate the extent of your company's operations in each of the listed global
regions. (Measured as a percentage of total business operations.)
Note: Not at all = 0%
Major = 30-99 %
Minor = < 10%
Exclusive = 100%
Modest = 11-30%
North America (100%)
West Europe (100%)
East Europe (92%)
Latin America (92%)
Far-East (92%)
Mid-East (100%)
Other
Not at all
23%
53%
67%
33%
8%
31%
Minor
31%
31%
25%
33%
18%
31%
Modest
31%
8%
8%
17%
33%
23%
Major
15%
8%
0%
17%
33%
15%
Exclusive
0%
0%
0%
0%
8%
0%
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Questions 9 & 10 are for constructors and designers only.
9. What percentage of your work is public? What percentage is private? (%)
Public
0%:
0%< <= 25%:%
25%< <=50%:%
50%< <=75%:%
>75%:
Private %
10. Please indicate the frequency of the following contracting methods for the work
(both public and private) undertaken by your firm?
Never
a. comp. bidding (100%) 0%
b. cost plus fee (77%) 30%
c. negotiated price(100%)0%
d. other [please specify:
I
Not
Often
15%
40%
31%
2
Often
32%
30%
31%
3
Very
Often
38%
0%
31%
Always
15%
0%
8%
4 5
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Section II: The Environmental Market
A. Market Size, Location, and Type
1. In your estimate, what is the approximate annual size (in current US dollars) of the
total environmental market (defined above in the introduction to Section II):
i. in your country (meaning the country of your company's headquarters) today?
(100%)
a. < 1 billion 31%
d. 51-100 billion 0%
ii. worldwide today? (92%)
a. < 1 billion 09o
d. 51-100 billion 42%
b. 1-10 billion 46%
e. > 100 billion 0%
b. 1-10 billion 8&
e. > 100 billion 25%
c. 11-50 billion 23%
c. 11-50 billion 25%
iii. in your country (meaning the country of your company's headquarters) in the
year 2000? (92%)
a. < 1 billion 0I0 b. 1-10 billion 50% c. 11-50 billion 34%
d. 51-100 billion 8% e. > 100 billion 8%
iv. worldwide in the year 2000? (92%)
a. < 1 billion 0% b. 1-10 billion 0%
d. 51-100 billion 25% e. > 100 billion 67%
c. 11-50 billion 8L%
2. Between now and the year 2000 do you expect the environmental market to:
(100%)
a. shrink 0%/. b. stabilize 0% c. grow 100%
If you expect it to grow, at what rate: (100% of grow answers)
Very
Slowly Moderately Quickly
0% 8% 31% 46% 15%
3. Please indicate the relative (compared to each other) current environmental market
sizes in these regions of the world.
North America (100%)
West Europe (100%)
East Europe (100%)
Latin America (100%)
Far-East (100%)
Mid-East (100%)
Other (67%)
Small
0%
0%
8%
31%
0%
15%
38%
0%
8%
23%
31%
38%
62%
62%
Medium
15%
15%
23%
23%
23%
15%
0%
54%
62%
23%
15%
31%
0%
0%
Large
31%
15%
23%
0%
8%
8%
0%
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4. Please indicate the potential opportunity over the next five years - in the country of
your company's headquarters - for the construction industry in the following areas:
(100% for all) Minor Modest Major Don't Know
a. Petrochemicals 15% 31% 39% 15% 0% 0%
b. Water Supply 0% 15% 46% 39% 0% 0%
c. Sewer / Waste Water 0% 0% 31% 46% 23% 0%
d. Solid Waste 0% 0% 39% 39% 24% 0%
e. Haz. Waste 0% 15% 31% 46% 8% 0%
f. Energy 0% 15% 15% 55% 15% 0%
g. Pollution Abatement 8% 0% 31% 31% 22% 8%
h. Environmental 0% 8% 22% 62% 0% 8%
Assessment
B. Regulatory and Legal Issues
5. How would you rate the current environmental regulation in the following
areas?
Excessive
Petrochemicals (100%) 38%
Water Supply (100%) 46%
Sewer / Waste Water (100%) 23%
Solid Waste (100%) 15%
Hazardous Waste (100%) 15%
Energy (100%) 54%
Pollution Abatement (100%) 31%
Environ. Assmnt. (100%) 31%
Not Excessive
54%
54%
77%
85%
70%
38%
54%
54%
Don't Know
0%
0%
15%
8%
15%
15%
6. To what degree should the environmental market
market forces? (100% response rate)
100% Reg. 75% Reg. 50% Reg.
0% Mar. 25% Mar 50% Mar.
0% 23% 31% 0% 23% C
be driven by regulation versus
25% Reg.
75% Mar.
1% 23%
0% Reg.
100% Mar.
0% 0%
7. To what degree should new regulations be punitive versus incentive based? (92%)
100% Pun. 75% Pun. 50% Pun. 25% Pun. 0% Pun.
0% Incen. 25% Incen. 50% Incen. 75% Incen. 100% Incen.
0% 8% 25% 0% 25% 8% 34% 0% 0%
8. How important will the following levels of government be
environmental regulations of the future?
Not Moderately
Important Important
a. local (100%) 8% 15% 23%
b. state (92%) 0% 8% 26%
c. federal (92%) 0% 0% 17%
in determining the
Very
Important
31% 23%
33% 33%
17% 66%
9. a. With regard to environmental regulations, how important is it to establish
international regulations? (100%)
Not Moderately Very
Important Important Important
0% 0% 0% 15% 85%
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b. In the absence of international regulations, how important is it for neighboring
nations to have comparable environmental regulations? (100%)
Not Moderately Very
Important Important Important
0% 0% 8% 23% 69%
10. a. What is the likelihood that future environmental regulations will result in
additional work for the construction industry? (92%)
Low Moderate High
Probability Probability Probability
0% 0% 17% 66% 17%
b. What is the likelihood that future environmental regulations will result in
greater restrictions on construction? (92%)
Low Moderate High
Probability )-bab;lity Probability
8% 17% 50% 17% 8%
11. In your opinion, is potential liability from environmental work a significant
hindrance to operating in the environmental market? (92%)
Not Very
Significant Significant Sirnificant
17% 17% 58% 8% 0%
12. When compared to other construction markets, to what degree are the following
institutions wary of the environmental market because of potential liability issues?
(69%)
Less More
Wary Same Wary
a. lending companies 11% 0% 67% 22% 0%
b. insurance companies 0% 0% 22% 56% 22%
c. bonding companies 13% 0% 50% 37% 0%
13. Please indicate your level of agreement with the following statement:
"The Government should provide a broad umbrella insurance plan that limits
liability - similar to th- one provided for the nuclear power industry - for the
environmental market." (92%)
Strongly Strongly
Disagree Disagree Agree Agree
0% 25% 58% 17%
C. Technology Issues
14. Is technology in the environmental market primarily driven by regulation or market
forces? (92%)
Regulation 83% Market 17%
15. Is there research and development of environmental technology in your country
(meaning the country of your company's headquarters)? (100%)
Yes 85% No 15%
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If Yes, how important has the government been in funding research and
development of environmental technology in your country? (100%)
Not Very
Important Important Important
0% 19% 27% 27% 27%
16. For your firm, how important is the development of proprietary technology versus
using off-the-shelf technology for the environmental market? (100%)
Not Very
Important Important Important
8% 38% 31% 23% 0%
17. Has potential liability restricted in any way the development and use of new
technology in the environmental market? (92%)
Not Moderately Seriously
Restricted Restricted Restricted
25% 33% 33% 9% 0%
18. For the purposes of this question, preventive technology prevents ecological
damage, whereas corrective technology remedies prior damage.
a. In the past, has environmental technology been directed toward preventive or
corrective purposes? (100%)
Preventive Corrective
< -- - - - - - - - - -- - - - - - - - ->
0% 0% 8% 62% 30%
b. In the future, will environmental technology be directed toward preventive
or corrective purposes? (100%)
Preventive Corrective
< ------------------------------------- >
23% 54% 15% 8% 0%
c. Is there a desired balance between preventive and corrective technologies?
(100%)
Preventive Corrective
< ----- --- --- ---- --- ---- --- >
15% 54% 31% 0% 0%
19. Should the development of environmental technology (preventive and corrective)
be promoted by the government of your country (meaning the country of your
company's headquarters)? (100%)
Yes 92% No la
If Yes, how should the government promote technology - (1) directly through
sponsorship, or (2) indirectly through incentive programs? (100%)
Sponsorship Incentives
0% 25% 25% 33% 17%0% 25% 25% 33% 17%
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20. Please indicate the competitiveness of environmental technology from the
following regions and/or countries of the world.
Not Moderately Very
Competitive Competitive Competitive Don't Know
a. United States (100%) 0% 31% 61% 8%
b. Europe (100%) 0% 46% 46% 8%
c. Japan (100%) 0% 46% 38% 16%
21. Please indicate the degree of development of environmental technology in your
country (meaning the country of your company's headquarters) and worldwide.
Inadequate Adequate Non-existent
your country (100%)
worldwide (100%)
8% 46%
0% 46%
8% 30% 8%
38% 16% 0%
22. Is the cost of environmental technology a barrier to entry in the following areas?
Not a Modest Strong Don't
Petrochemicals (92%)
Water Supply (85%)
Sewer/Waste Wat.(92%)
Solid Waste (92%)
Hazardous Waste (92%)
Energy (92%)
Pollution Abate. (92%)
Environ. Assmnt. (92%)
Barrier
25%
27%
41%
8%
8%
25%
17%
17%
17%
27%
17%
17%
25%
17%
17%
17%
Barrier
17%
46%
17%
33%
25%
25%
17%
41%
25%
0%
25%
33%
8%
8%
25%
0%
Barrier
8%
0%
0%
8%
17%
17%
0%
0%
Know
8%
0%
0%
0%
17%
8%
25%
25%
23. In the environmental market, are innovative or alternative technologies generally
favored by funding agencies? (92%)
Yes 33% No 67%
If Yes, how much emphasis is placed on the utilization of these technologies?
(100%)
Little
Emphasis
0% 25%
Moderate
Emphasis
25%
Strong
Emphasis
25% 25%
If No, how much emphasis should be placed on
technologies? (100%)
No
Emphasis
0% 0%
Moderate
Emphasis
37%
innovative and alternative
Strong
Emphasis
13% 50%
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0%
0%
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Section III: Response to Environmental Market
A. Business Strategy
............................................................................................................
If your company currently operates in the environmental market, please answer
Questions 1-7 and then proceed to part B.
If your company does not currently operate in the environmental market, please skip
Questions 1-7 and proceed to Question 8.
1. Please check the strategies that your company has used to acquire the
capability to provide environmental services, and judge the importance of each.
Slightly Moderately Very
Important Important Important
a. mergers and acquisitions (77%) 40% 30% 20% 0% 10%
b. joint ventures (77%) 0% 10% 60% 20% 10%
c. established in-house capability(69%) 11% 0% 11% 56% 22%
2. At present, what percentage of your work is in the environmental market? (77%)
a. < 1% 0% b. 1-10% 50% c. 11-20% 30% d. 21-30% Me
e. 31-40% 00 f. 41-50% 0% g. 51-60% 10% h. 61-70% 0M
i. 71-80% 0% j. 81-90% 10% k. >90% 0%
3. Compared to the present, how important will environmental markets be for your
firm in the next 10 years? (77%)
Less important
0% 0%
About the same
10% 70%
More important
20%
4. Please indicate the reasons for operating in the environmental market: (77%)
a. Size or growth potential of environmental market. 90%
b. The expected profitability of the market. 50%
c. Competitive advantage over competitors due to:
i. low cost 10%
ii. differentiated service 30%
d. Others [Please specify: 1
5. Please indicate which statement applies to your company: (62%)
a. The company formed exclusively to provide environmental services. 0%
b. The company expanded operations to include environmental services. 100%
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6. Please indicate the approximate annual rate of growth for your company in the
environmental area over the past 5 years in terms of (i) employees and (ii)
revenue.
i. annual growth in number of employees in environmental area (62%)
a. < 1% 24% b. 1-5% 13% c. 5-10% 13% d. 11-20% 37%
e. 21-30% 13% f. 31-40% 0% g. >40% 0%
ii. annual growth in revenue from the environmental area (62%)
a. < 1% 13% b. 1-5% 25% c. 6-10% 13% d. 11-20% 25%
e. 21-30% 24% f. 31-40% 0% g. >40% 0%
7. Please indicate how long your firm has operated in the following segments of the
environmental market, and indicate any segments you are planning to enter(77%)
Do not
< lyr 1-5yrs 6-10yrs >10yrs Plan to Plan to
Enter Enter
a. Petrochemicals 0% 10% 10% 50% 20% 10%
b. Water Supply 0% 20% 20% 50% 0% 10%
c. Sewer / Waste Water 10% 0% 0% 70% 10% 0%
d. Solid Waste 0% 20% 10% 30% 10% 20%
e. Hazardous Waste 0% 10% 10% 30% 20% 30%
f. Energy 0% 10% 0% 70% 10% 10%
g. Pollution Abatement 10% 10% 10% 20% 10% 40%
h. Environmental
Assessment 10% 0% 0% 30% 30% 30%
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Please answer Questions 8-11 only if your company does not currently operate in the
environmental market.
8. Have you considered entering the environmental market and subsequently chosen
not to enter? (23%)
Yes 90 No 100%
If Yes, for what reason(s) have you decided against operating in this market?(100%)
a. low profitability 00%
b. potential liability 0%
c. high cost of insurance 0%
d. difficulty in obtaining bonding 0%
e. high cost of technology and equipment 0%
f. other [nlea~e sncifv:
9. Please indicate which statement applies to your company: (23%)
a. The company is planning to provide environmental services. 33%
b. The company has no plans to provide environmental services. 67%
10. How likely is it that your firm will consider entering the environmental market in
near future? (23%)
Not
Likely
33% 0%
Likely
67%
Very
Likely
0% 0%
11. Does your company se environmental services provided by other suppliers?
(23%)
Yes 33% No67%
If Yes, rate the relative importance of such services for your operation: (100%)
Not Moderately Very
Important Important Important
0% 0% 0% 100% 0%
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B. Environmental Awareness and Responsibility
Environmental awareness and responsibility have increasingly gained worldwide
attention in recent years. This environmental movement has resulted in greater scrutiny of
many human activities and their impacts on our environment. New environmental
legislation and regulation have been enacted to curb activities deemed deleterious to the
environment. As an industry which designs and constructs the built environment, the
construction industry would seem particularly prone to intense scrutiny of its actions.
Construction necessarily involves changing the environment in which we live and work.
Will engineering, design, and construction firms strive to become "green" companies?
How important is it for these companies to be perceived as "friends of the environment"?
This section is intended to assess the implications of this increased environmental
awareness and responsibility on the construction industry.
Two aspects will be considered when talking of "greening" construction companies:
(1) the environmental impact of day-to-day operations of the firm, or how it typically
conducts business, and (2) the environmental impact of the projects which it undertakes.
1. In general, is the construction industry in your country concerned about the
environmental impact of its activities? (100%)
Not Moderately Very
Concerned Concerned Concerned
0% 23% 54% 15% 8%
2. Has the construction industry received public scrutiny (e.g., from environmental
organizations) regarding the environmental impact of its activities? (92%)
No Moderate Much
Scrutiny Scrutiny Scrutiny
8% 17% 50% 25% 0%
3. Has the construction industry altered its practices due to environmental concerns?(100%)
Not Moderately Heavily
Altered Altered Altered
8% 15% 54% 23% 0%
4. Please indicate your level of agreement with the following statement:
"The construction industry is likely to be increasingly scrutinized with regards to
the impacts of its activities on the environment." (100%)
Strongly Strongly
Disagree Disagree Agree Agree
0% 8% 69% 23%
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5. In the future, what level of public scrutiny will be directed at the construction
industry regarding the environmental impacts of its activities? (100%)
Little Much
Less Same More More More
0% 8% 0% 62% 30%
6. In the future, what level of self-scrutiny will the construction industry conduct
regarding the environmental impacts of its activities? (100%)
Little Much
Less Same More More More
0% 8% 23% 31% 38%
7. Is it important for the construction industry to be environmentally
responsible: (100%)
Not Very
Important Important Important
a. for the purposes of obtaining work? 8% 23% 15% 31% 23%
b. for public relations? 0% 8% 23% 38% 31%
8. Please indicate your level of agreement with the following statement: (100%)
"Engineering, design, and construction firms should actively try to promote
themselves as stewards and protectors of the environment."
Strongly Strongly
Disagree Disagree Agree Agree
0% 0% 38% 62%
9. Will construction firms (engineers, designers, and constructors) be able to create a
significant market for themselves as "green" firms? In other words,
will construction firms that demonstrate a commitment to environmental awareness
and responsibility realize a competitive advantage over those construction firms
which do not express similar environmental concerns? (85%)
Yes 91% No 9%
If Yes, will this "green" image be important with regards to obtaining future:
a. public construction contracts? (100%)
Not Moderately Very
Important Important Important
0% 18% 27% 37% 18%
b. private construction contracts? (100%)
Not Moderately Very
Important Important Important
9% 18% 37% 28% 8%
10. Have new construction projects been restricted in recent years due to
environmental concerns? (100%)
Not Moderately Very
Restricted Restricted Restricted
0% 15% 46% 24% 15%
204
11. Compared to now, how will future construction projects be restricted due to
environmental concerns? (100%)
Less More
Restricted Same Restricted
0% 23% 77%
If More Restricted, to what degree? (92%)
Slightly Moderately Much More
0% 0% 50% 33% 17%
12. Please indicate your level of agreement with the following statements:
a. "Construction companies should decline to bid or undertake a project which -
according to widespread public and scientific opinion - is believed to be
detrimental to the environment." (92%)
Strongly
Disagree
8%
Disagree
17%
Agree
50%
Strongly
Agree
25%
b. "The construction industry will n.9t suffer as a consequence of increased public
pressure due to the environmental concerns of its actions." (85%)
Strongly
Disagree
0%
Disagree
27%
Agree
64%
Strongly
Agree
9%
END.
THANK YOU.
EDMUND S. PENDLETON
M.I.T., Department of Civil Engineering
77 Massachusetts Ave.
Room 1-050
Cambridge, MA 02139
Office: (617) 253-9736
Home: (617) 266-1412
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Appendix 5
Owner Questionnaire Results
The following results comprise the first analysis of the owner questionnaire. The
questionnaire contained 52 questions, but many questions had multiple parts:
approximately 120 individual answers were needed to complete each questionnaire. I have
calculated percentages for each response to the questions. In addition, I calculated the
percentage of respondents who answered each question. For example, while 22 firms
returned the questionnaire, typically fewer than 22 answered each question. For the first
question in Section I, 22 out of 22 respondents answered the question - a response rate of
100%.
Section I: General Information about Your Firm
1. When was your company formed? (100% response rate)
a. before 1950 82% b. 1950 - 1969 9% c. 1970 - 1979 9%
d. 1980 - 1989 0% e. after 1989 0%
2. What is the size of your company? ( response rate)
a. annual gross revenue*
*Note: Please indicate if you report a figure besides annual gross revenue.
For example, many design firms report total annual billings as a
measure of financial size.
b. numberof employees: 1-10 € 11-100 % 101-1000 _
>1000 %
3. For the purposes of the survey, it is necessary to determine your company's role in
the construction industry. You may be a client or supplier of the industry rather
than a constructor or designer. Please use the following definitions to classify your
company.
owner: owns constructed facilities (e.g., oil companies, utilities)
constructor: undertakes construction projects (i.e., a builder)
designer: designs construction projects (e.g., architects, engineers)
technology vendor: develops and/or sells technology for environmental field
supplier: supplies materials, equipment, etc., for construction
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With regards to the construction industry, please indicate the principal role of your
company in its regular business activities. If your company fills several of these
roles, please mark all that apply. (95% response rate)
a. public owner 48%
b. private owner 52%
c. engineering or design firm 09o
d. technology vendor 0%
e. supplier 0%
f. constructor: general contractor 0%
specialty (sub) contractor 0Q
4. Is your company a subsidiary of another company? (100% response rate)
Yes 14% No 86%
5. Please indicate the extent of your company's involvement - measured as a
percentage of total business activity - in the following areas.
*Note: Not at all = 0% Minor = < 10% Modest = 11-30%
Major = 30-99 % Exclusive = 100%
Not at all Minor Modest Major Exclusive
a. Petrochemicals 86% 47% 21% 16% 11% 5%
b. Water Supply 73% 56% 31% 6% 6% 0%
c. Sewer / Waste Water 73% 44% 37% 19% 0% 0%
d. Solid Waste 77% 35% 29% 29% 7% 0%
e. Hazardous Waste 77% 41% 41% 12% 6% 0%
f. Energy 82% 17% 17% 17% 33% 16%
g. Pollution Abatement 77% 23% 41% 18% 18% 0%
h. Environ. Assessment 73% 38% 38% 7% 19% 0%
6. Your company headquarters is located in what country? (100% response rate)
US - 100%
7. Please indicate the geographical scope of your company by giving the percentage of
your work which is:
a. local % b. regional % c. national % d. international %
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8. Please indicate the extent of your company's operations in each of the listed global
regions. (Measured as a percentage of total business operations.)
Note: Not at all = 0% Minor = < 10% Modest = 11-30%
Major = 30-99 % Exclusive = 100%
100% for all parts Not at all Minor Modest Major Exclusive
a. North America 5% 0% 0% 59% 36%
b. West Europe 59% 23% 9% 9% 0%
c. East Europe 73% 23% 4% 0% 0%
d. Latin America 59% 27% 14% 0% 0%
e. Far-East 59% 27% 5% 9% 0%
f. Mid-East 59% 27% 9% 5% 0%
g. Other
9. Please indicate the frequency of the following contracting methods for
construction work contracted by your firm? 91%
Not Very
Never Often Often Often Always
a. competitive bidding 5% 10% 15% 70% 0%
b. cost plus fee 0% 40% 40% 20% 0%
c. negotiated price 0% 35% 50% 10% 5%
d. other [please specify:
1 0% %  0% 0% 0%
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Section II: The Environmental Market
Many dimensions of the rapidly emerging environmental market offer promise for the
engineering and construction industry. For the purposes of this survey, the environmental
market will include business opportunities derived from the following areas of global
environmental concern:
Acid Rain / Ozone Depletion / Global Warming, Clean Air, Deforestation,
Energy, Solid Waste Management, Water Supply, Sewage / Waste Water
Treatment, Environmental Assessment Technologies, and Hazardous Waste
Remediation and Management.
This section is identical to Section II from a previous survey sent to designers and
constructors. While some of these questions were initially intended for designers and
constructors, I would be very interested to see your responses - as an owner of constructed
facilities - to these same questions. If you are unable to answer a question please strike
through it and proceed with the next one. However, I would be grateful if you answer as
many questions as possible. This section serves as an introduction into Section III, which
contains questions specifically designed for owners.
A. Market Size, Location, and Type
1. In your estimate, what is the approximate nnual1 size (in current US dollars) of
the total environmental market (defined above in the introduction to Section II):
i. in your country (meaning the country of your company's headquarters) today?
82%
a. < 1 billion 6% b. 1-10 billion 33% c. 11-50 billion 17%
d. 51-100 billion 11_% e. > 100 billion 33%
ii. worldwide today? 77%
a. < 1 billion 6% b. 1-10 billion 12% c. 11-50 billion 18%
d. 51-100 billion 12% e. > 100 billion 53%
iii. in your country (meaning the country of your company's headquarters) in the
year 2000? 77%
a. < 1 billion 6% b. 1-10 billion 12% c. 11-50 billion 29%
d. 51-100 billion 6% e. > 100 billion 47%
iv. worldwide in the year 2000? 73%
a. < 1 billion 60 b. 1-10 billion 0% c. 11-50 billion 25%
d. 51-100 billion 6% e. > 100 billion 63%
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2. Between now and the year 2000 do you expect the environmental market to: 95%
a. shrink 0% b. stabilize 10% c. grow 90%
If you expect it to Prrow, at what rate: 95%
Slowly Moderately
0% 0% 39%
Very
Quickly
56% 5%
3. Please indicate the relative (compared to each other)
sizes in these regions of the world.
Small Medium
North America 91 %
West Europe 82%
East Europe 82%
Latin America 77%
Far-East 82%
Mid-East 86%
Other 32%
5%
6%
28%
35%
28%
32%
43%
0%
6%
28%
35%
17%
26%
43%
10%
39%
22%
18%
33%
26%
14%
current environmental market
50%
39%
17%
12%
22%
16%
0%
Large
35%
11%
6%
0%
0%
0%
0%
4. Please indicate the potential opportunity over the next five years - in the country
of your company's headquarters - for the construction industry in the following
areas: 95% all parts
Petrochemicals
Water Supply
Sewer / Waste Water
Solid Waste
Haz. Waste
Energy
Pollution Abatement
Environmental
Assessment
Minor
0%
0%
0%
0%
0%
19%
5%
5%
0%
0%
0% 10%
0% 0%
0% 0%
Modest
14%
24%
14%
10%
10%
14%
5%
10%
19%
19%
29%
38%
29%
38%
52%
38%
Major
14%
5%
14%
29%
43%
19%
29%
38%
Don't Know
33%
48%
38%
24%
19%
19%
14%
14%
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B. Regulatory and Legal Issues
5. How would you rate the current environmental regulation in
areas? 95% all parts
Petrochemicals
Water Supply
Sewer / Waste Water
Solid Waste
Hazardous Waste
Energy
Pollution Abatement
Environmental Assessment
Excessive
33%
10%
33%
38%
67%
29%
52%
43%
Not Excessive
38%
57%
48%
52%
29%
57%
38%
52%
the following
Don't Know
29%
33%
19%
10%
5%
14%
10%
5%
6. To what degree should the environmental market be driven by regulation versus
market forces? 95%
100% Reg. 75% Reg. 50% Reg. 25% Reg. 0% Reg.
0% Mar. 25% Mar 50% Mar. 75% Mar. 100% Mar.
0% 5% 10% 5% 37% 10% 28% 0% 5%
7. To what degree should new regulations be punitive versus incentive based? 95%
100% Pun. 75% Pun. 50% Pun. 25% Pun. 0% Pun.
0% Incen. 25% Incen. 50% Incen. 75% Incen. 100% Incen.
0% 5% 0% 0% 33% 0% 33% 14% 14%
8. How important will the following levels of government be in determining the
environmental regulations of the future? 95%
a. local
b. state
c. federal
Not
Important
10%
0%
0%
14'
0%0
0%
Moderately Very
Important Important
% 38% 14% 24%
19% 48% 33%
5% 24% 71%
9. a. With regard to environmental regulations, how important is it to establish
international regulations? 91%
Not Moderately Very
Important Important Important
0% 10% 20% 45% 25%
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b. In the absence of international regulations, how important is it for
neighboring nations to have comparable environmental regulations? 91%
Not Moderately Very
Important Important Important
0% 5% 20% 50% 25%
10. a. What is the likelihood that future environmental regulations will result in
additional work for the construction industry? 95%
Low Moderate High
Probability Probability Probability
0% 0% 10% 43% 48%
b. What is the likelihood that future environmental regulations will result in
greater restrictions on construction? 95%
Low Moderate High
Probability Probability Probability
0% 10% 10% 29% 52%
11. In your opinion, is potential liability from environmental work a significant
hindrance to operating in the environmental market? 95%
Not Very
Significant Significant Significant
0% 14% 19% 33% 33%
12. When compared to other construction markets, to what degree are the following
institutions wary of the environmental market because of potential liability issues?
Less More
Wary Same Wary
a. lending companies 86% 0% 5% 21% 37% 37%
b. insurance companies82 0% 0% 17% 33% 50%
c. bonding companies 77% 0% 6% 12% 41% 41%
13. Please indicate your level of agreement with the following statement:
"The Government should provide a broad umbrella insurance plan that limits
liability - similar to the one provided for the nuclear power industry - for the
environmental market." 95%
Strongly Strongly
Disagree Disagree Agree Agree
0% 48% 43% 9%
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C. Technology Issues
14. Is technology in the environmental market primarily driven by regulation or
market forces?
Regulation 81% Market 19%
15. Is there research and development of environmental technology in your country
(meaning the country of your company's headquarters)? 91%
Yes 100% No 0%a
If Yes, how important has the government been in funding research and
development of environmental technology in your country? 100%
Not Very
Important Important Important
5% 45% 40% 10% 0%
16. For your firm, how important is the development of proprietary technology
versus using off-the-shelf technology for the environmental market? 73%
Not Very
Important Important Important
6% 31% 44% 6% 13%
17. Has potential liability restricted in any way the development and use of new
technology in the environmental market? 95%
Not Moderately Seriously
Restricted Restricted Restricted
5% 29% 57% 5% 5%
18. For the purposes of this question, preventive technology prevents ecological
damage, whereas corrective technology remedies prior damage.
a. In the past, has environmental technology been directed toward preventive or
corrective purposes? 95%
Preventive Corrective
< ------------------------------------- >
5% 24% 14% 48% 10%
b. In the future, will environmental technology be directed toward preventive
or corrective purposes? 86%
Preventive Corrective
< ------------------------------------- >
5% 58% 16% 21% 0%
c. Is there a desired balance between preventive and corrective technologies? 86%
Preventive Corrective
< ------------------------------------- >
16% 32% 47% 5% 0%
19. Should the development of environmental technology (preventive and corrective)
be promoted by the government of your country (meaning the country of your
company's headquarters)? 95%
Yes 86% No 14%
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If Yes, how should the government promote technology - (1) directly through
sponsorship, or (2) indirectly through incentive programs? 100%
Sponsorship Incentives
<0% 0% 28% 56% 17%------------------------------------->
0% 0% 28% 56% 17%
20. Please indicate the competitiveness of environmental technology from the
following regions and/or countries of the world.
Not Moderately Very
Competitive Competitive Competitive Don't
a. United States 86% 0% 42% 42%
b. Europe 82% 0% 44% 6%
c. Japan 82% 6% 22% 17%
Know
16%
50%
56%
21. Please indicate the degree of development of environmental technology in your
country (meaning the country of your company's headquarters) and worldwide.
Inadequate Adequate Non-existent
< ------------------------------------- >
0% 11% 42% 37% 11%
6% 39% 44% 0% 0%
22. Is the cost of environmental technology a barrier to entry in
Not a Modest Strong
Barrier Barrier
a. Petrochemicals 86% 0% 5% 21% 26
b. Water Supply 86% 5% 5% 26% 11
c. Sewer / Waste Water 82% 0% 6% 28% 11
d. Solid Waste 86% 0% 5% 42% 21
e. Hazardous Waste 86% 0% 5% 11% 32
f. Energy 86% 0% 5% 26% 11
g. Pollution Abatement 86% 0% 21% 16% 21
h. Environmntl. Assessment 86% 0% 21% 16% 32
0%
11%
the following areas?
Don't
Barrier Know
% 21% 26%
% 5% 47%
% 17% 39%
% 5% 26%
% 26% 26%
% 26% 32%
% 16% 26%
% 5% 26%
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your country 86%
worldwide 82%
it
Section IHI: Response to Environmental Market
The previous section was intended to assess your general perceptions of the
environmental market. This section explores how your company - as an owner of
constructed facilities - is responding to environmental business issues. The section is
divided into two parts. Part A examines if and how your company is adapting its business
strategy to accommodate or serve growing environmental concerns. Part B investigates the
effects of the public's increasing environmental awareness and responsibility on your
construction decisions.
A. Business Strategy
1. Please indicate how long your firm has operated in the following segments of the
environmental market, and indicate any segments you are planning to enter.
Do not
< lyr 1-5yrs 6-10yrs >10yrs Plan to Plan to
Enter Enter
a. Petrochemicals 86% 0% 0% 0% 37% 0% 63%
b. Water Supply 82% 0% 6% 6% 28% 0% 60%
c. Sewer/ Was. Wat.86% 0% 11% 0% 42% 0% 47%
d. Solid Waste 86% 0% 11% 6% 37% 0% 47%
e. Hazardous Waste 86% 0% 6% 16% 42% 0% 37%
f. Energy 82% 0% 6% 0% 67% 0% 28%
g. Pollution Abatement 91%0% 10% 10% 50% 0% 30%
h. Environmental
Assessment 86% 0% 11% 11% 47% 0% 31%
2. Compared to the present. how important will these segments of the environmental
market be for your firm in the next 10 years?
Less important About the same More important
a. Petrochemicals 77% 24% 6% 47% 12% 12%
b. Water Supply 77% 6% 6% 53% 12% 24%
c. Sewer/ Was. Wat.82% 0% 11% 33% 33% 22%
d. Solid Waste 86% 0% 5% 26% 37% 32%
e. Hazardous Waste 82% 0% 0% 28% 28% 44%
f. Energy 77% 0% 0% 29% 18% 53%
g. Pollution Abatement86%0% 0% 26% 32% 42%
h. Environmental
Assessment 82% 6% 0% 28% 28% 39%
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3. Have environmental regulations and concerns shaped the direction of your
industry in recent years? 100%
Not Very
at all Slightly Moderately
0% 0% 23%
Significantly
45%
Significantly
32%
4. Have the following areas of your business been affected by environmental
concerns and regulations?
Not
at all
resource / materials input 91% 0%
production / process 91% 0%
distribution 91% 0%
marketing 95% 5%
service 95% 0%
Slightly Moder-
ately
5% 35%
0% 20%
10% 50%
19% 43%
19% 43%
Signif-
icantly
40%
40%
25%
19%
29%
Very Sig-
nificantly
20%
40%
15%
14%
9%
5. Do you expect a need for new constructed facilities (in your industry) due to
environmental regulations and concerns? 91% answered one or more parts
A list of facility categories is given below. For example, installing smokestack
scrubbers to meet new clean air regulations would fall under category c: air
pollution abatement. Please feel free to add other categories.
a. new or modified production/process facilities
b. energy supply facilities
c. air pollution abatement facilities
d. treatment or containment facilities for:
solid waste 70% waste water 75%
e. waste reduction reduction facilities for:
solid waste 75% waste water 60%
80%85%
85%
hazardous waste 85%
hazardous waste 75%
f. other:
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Note:
For the purposes of this survey, environmental services are those services
which meet needs derived from the following areas of global environmental concern:
Acid Rain / Ozone Depletion / Global Warming, Clean Air,
Deforestation, Energy, Solid Waste Management, Water Supply,
Sewage / Waste Water Treatment, Environmental Assessment
Technologies, and Hazardous Waste Remediation and Management.
6. Have recent environmental regulations, restrictions, and awareness increased
your need for environmental services? 100%
Yes 952 No 5%
7. For your industry, how do you foresee the need for environmental services
between now and the year 2000? 100%
Much Much
Less Less Same More More
0% 0% 5% 68% 27%
8. Please check the strategies that your company has
environmental services, and judge the importance
100% answered one or more parts Slightly
Important
a. mergers and acquisitions 41%
b. joint ventures 36%
c. established in-house capability 14%
d. hired outside supplier 0%
e. no services necded 4%
used to acquire
of each.
Moderately
Important
18% 0%
14% 9%
0% 27%
0% 14%
Very
Important
0% 0%
0% 0%
32% 14%
45% 27%
9. Does your company use environmental services provided by other suppliers?
Yes 100% No 0%
If Yes, rate the relative importance of such services for your
Not Moderately Very
Important Important Important
0% 5% 23% 41% 32%
operation: 100%
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10. Have you considered establishing environmental services in-house and
subsequently chosen not to? 95%
Yes 19% No81 %
If Yes, for what reason(s) have you decided against establishing these services?
a. low profitability 25%
b. potential liability 50%
c. high cost of insurance 25%
d. difficulty in obtaining bonding 0%
e. high cost of technology and equipment 50%
f. other [please specify: 1
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B. Environmental Awareness and Responsibility
Environmental awareness and responsibility have increasingly gained worldwide
attention in recent years. This environmental movement has resulted in greater scrutiny of
many human activities and their impacts on our environment. New environmental
legislation and regulation have been enacted to curb activities deemed deleterious to the
environment. As an industry which designs and constructs the built environment, the
construction industry would seem particularly prone to intense scrutiny of its actions.
Construction necessarily involves changing the environment in which we live and work.
As owners in the construction industry strive to become "green" companies, how will
construction decisions be affected? This section is intended to assess the implications of
increased environmental awareness and responsibility on your construction decisions as an
owner. In addition, several questions refer to the construction industry in general.
1. In general, are owners of constructed facilities (in your country) concerned
about the environmental impact of their construction activities? 100%
Not Moderately Very
Concerned Concerned Concerned
0% 5% 27% 50% 18%
2. Have owners received public scrutiny (e.g., from environmental
organizations) regarding the environmental impact of their construction activities?
100% No Moderate Much
Scrutiny Scrutiny Scrutiny
0% 0% 23% 41% 36%
3. Have owners of constructed facilities altered their construction decisions
due to environmental concerns? 100%
Not Moderately Heavily
Altered Altered Altered
0% 5% 18% 55% 23%
4. Please indicate the appropriate answers to the following questions:
"Is it important for your business to be environmentally responsible: 100%
Not Very
Important Important Important
a. for selling products or services?" 5% 5% 9% 14% 68%
b. for public relations?" 0% 0% 18% 9% 73%
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5. In the future, what level of public scrutiny will be directed at owners
regarding the environmental impacts of their construction activities? 100%
Little Much
Less Same More More More
0% 0% 0% 73% 27%
6. In the future, what level of self-scrutiny will owners conduct regarding the
environmental impacts of their construction activities? 100%
Little Much
Less Same More More More
0% 0% 5% 77% 18%
7. Please indicate your level of agreement with the following statement:
"Owners of constructed facilities should actively try to promote
themselves as stewards and protec'ors of the environment." 100%
Strongly Strongly
Disagree Disagree Agree Agree
0% 0% 50% 50%
8. In your opinion as an owner, will construction firms (engineers, designers, and
constructors) be able to create a significant market for themselves as "green"
firms? In other words, will construction firms that demonstrate a commitment to
environmental awareness and responsibility realize a competitive advantage over
those construction firms which do not express similar environmental concerns?
100%
Yes 91% No 92
If Yes, will this "green" image be important with regards to obtaining future:
a. public construction contracts? 95%
Not Moderately Very
Important Important Important
0% 5% 16% 37% 42%
b. private construction contracts? 100%
Not Moderately Very
Important Important Important
0% 5% 35% 35% 25%
9. As an owner, would you be more likely to hire a construction firm (engineer,
designer, constructor) that has an established record of commitment to the
environment versus one that does not? (Assume the two firms are comparable in
other regards.) 100%
Yes 95% No 5%
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10. In recent years, have new construction projects in your industry been restricted due
to environmental concerns? 100%
Not Moderately Very
Restricted Restricted Restricted
0% 9% 36% 32% 23%
11. Compared to now, how will future construction projects in
restricted due to environmental concerns? 100%
Less More
Restricted Same Restricted
0% 77% 23%
If More Restricted, to what degree? 100%
Slightly Moderately Much More
0% 6% 29% 41% 24%
END.
THANK YOU.
EDMUND S. PENDLETON
M.I.T., Department of Civil Engineering
77 Massachusetts Ave.
Room 1-050
Cambridge, MA 02139
your industry be
Office: (617) 253-9736
Home: (617) 266-1412
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